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INERTNESS OF C-816-OR C-716 TO C-616

Certain impurities in C-716 and C-816 react with C-616 forming a non-
volatile residue. The ratio of. the weight of this residue to the weight of
the original sample of C-716 or C-816 expressed in percent is a measure of

the reactivity (inertness) of the C-716 or C-816 with C-616,

I. Apparatus
A... Construction
All equipment must be constructed of glass, D-29, copper, brarss,
nickel or monel, Metals must be properly conditioned to render
their surfaces inert to C-616. (See "Conditioning of Equipment")...

Metal joints must be made by silver soldering or-by metal welding,

A1l valves used are 3/8 inch Kero‘t.ev_st valves of packless construcé- "
; ‘ ion with copper impregnated D-29 seats.
Aggg'.' ratus consists of: |
1.. Nickel or Monel reactors of 120 to 150 ml, capacity fitted with
-'detfachable valvés and flare connections _(Sée Figure 1),

2 A good vacuum system with a mechanical pump and a mercury diffu-
é:‘g.on pump capable of evacuting the entire systevm to one micmh‘..
This system'is> constructed of glass. (To the right of valve G
in Figure 2.) |

A 0—616 charging sy_‘s'tem aﬂtacl;xed to the vacuum system
- censtructed so that approximately the same amount of C-616
can be pipetted into a number of reactors, This system cénéists
of a vessel in which C-616 .‘LS stored, a pipet cylinder, amd _ ‘
connections for the ree.ctors; (To the left of valve G in

- Figure 2)e

~ UNCLASSIFIED
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3'., Equipment for heating valves and lines and for heating and
freezing reactors,
Le. An oven to give a uniform heat of 100°C.

5,. A mass balance capable of weighing to 2 kg. with an accuracy

Of -IO.S mg.

B. Cleaning Apparatus
A1l metallic apparatus to be used with C-616 mst bé cleaned and
conditioned so as to render it inert to C-616, Lines and reactors
which have been used with C-616 must be cleeaned and recormitioned
periedically,
1, Cleaning of new reactors and limes:
(a) IN THE HOOD, clean the lines or reactors thoroughly with
a mixture of 60 ml, of nitric acid and 40 ml. of sulfuric
acid,
(b) Wash thoroughly with distilled water and dry in the oven
at 100° C.
2+ Reactoprs that have accumulated more than 1 gram of residue mst
be clcaned,
(a) 1IN THE HOOD, remove the valve from the reactor and rinse
thoroughly with hot water.

(b) Rinse with about 50 ml, of boiling saturated ammonium

oxalate solution,
(¢) Rinse thbroughly with hot water,
(d) Put the solutions from the first two rinsings in the

desgignated container,
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(¢) Rinse well with acetone and dry at 100°C, overnight.,
(f) Take the valve apart, clean and dry .in_ a similar manner, |
(g) Bofore assembling, check for mechanical defects and re-
placce the seat if nécessary.
(n) Reassemblc the valve and reactor.
| (1) C'harge the reactor with 80 1lb. per sa. in, gage of G=T7i4
and immerse in water. If a leak is observed, correct '
and test for leak again,
3, Cleaning of C-616 charging line:
The C-616 charging line should be cleaned from time to time as

dust accumulates in the line,

(a)’ Discomncct the line at valves C & G and move to the hood. ‘

(b) Plug thc manifold connections and clean the line with water
and ammonium oxalate in thé manncr outlined for reactors.

(¢) Take the valves apart and clean and dry in a similar manner.

(d) Beforc assembling valves, check for mechanical defects and
replace seats if necessary,

(e) Evacuatc the line and heat with a torch (or electric heater)
to dry.

(f) Reasscmble the line, pressurc to 80 lb, per sq, in. gage
with G=7L4 and test for.lcaks with scap and watcer,

Notc: f.'omc time to t,:um. thg ballast tank may require cleaning

in the same manner,

¢, Conditioning of Apparatus

After cleaning, all apparatus, whether new or used must be conditioned. l

AIL CONDITIONING OPERATIONS MST BE CARRIZD OUT IN THE HOOD.
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D, Care
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Charge the apparatus with 15-20 lbs. per sq. in gage of 100%
C-216 and allow to staﬁd for 2L hours at 100°C,
Allow the conditioncd apparatus to cool and discharge the C-216.
Pressure several times with dry G-74 and discharge. (For a |
morc complete discussion of conditioning, see the procedure on
"C-616 Conditioning", |
of Apparatus
Care of Reactors
The operator should keep in mind that the analysis is a quanti-
tative one in which results will be appreciably affccted should
the reactor or reactor valve change in weight during the oper-
ation from any source other than the normal gain from reaction
residue. Vith this in mind, the operator should be careful not
to lay reactors down where foreign matter will adhere to them,
-should not bang thom against other objects, should take the ut-
most care not to allow wrenches to slip on them while putting
on or removing from the line'and should see that threaded
connections are in good condition so that threads will not be
stripped from valves,
€are of Traps
ta) Use onl& Trap S for discharging reactors.. Empty C-616
from no more than 10 reactors into this trap. In dis-
charging the mixture of C~-816 and C-616 from reactors it
may be necessary to switch the discharge into trap L by
turning stop-cock 5 when trap S becomes full, Use Trap

L for only the minimum time required to install and
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evacuate a clean trap in the S position. Immediately
switch back to the S trap.

(b) Never permit the 1.28 level in the dewar around the trap
to get below the lovel of the condensed material in the
trap.

(¢) then traps comtaining C-616 arc removed from the line,
quickly transfer them to the hood and fill with an excess
of water to stop the evolution of HF and to halt the

etching of the glass. Designated containers are provided

for waste C-616 and C-816.

E. The keleod Gage (See Figure 4) ‘

1. Construction

The Meloond Gage is made of a 100-200 ml. flask, B, into which
is scaled 2 capillary, Cap. 1, which is closéd at the upper

ends ‘his capillary should be 1 mm, or less inside diameter,
The lo;ver cnd of B is sealed to a vertical tube, T, leading to

a mercury well, M, Sealed to this tube at Ais a side-arm tube
of the same diameier as tube T and leading through cock G to |
the main line of the vacuum system, Sealed into this side-arm
at two places is a capillary, Cap.- 2', of the same diameter as
Cap. 1. Attached to the side-arm of the mercury well is a threc-
wgy stopeock, D, one arm of which is a2 fine capillary, Tip 1.

The remaining arm of this cock, D, is attached to a vacuun pump,

the purpose of which is to lower the mercury from the gage after‘
"a reading without breaking the vacuum, Attached behind the two

capillaries is a scale consisting of two portions; namely, scale
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X which shows the compression ratio (v/V) of the trapped gas

formerly occupied by B, and scale y which shows the pressure

in centimcters or millimcters on the gas trapped in Cap. 1.

2+ Operation

When a reading is desired

(a) Slowly turn cock D so that the atmosphere enters through
the fine tip and forces the mercury up Tube T into the
capillarics. fhe rush of mercury into the capillaries
should be controlled by use of the finger over the cap-
illery Tip 1; thus reducing the chances of breaking Cap. 1,

(b) X1low the mefcary to rise as high as possible into Cap. 1,
still keeping the mercury in Cap. 2 on scale y,

3.. Reading and Calculation

(a) Theoretical
Pressurc in the system at the time the reading is taken
is calculated by using Boyle's laws P/p = v/V where
P. = unknown; p = pressure of trapped gas in Cap. 1 which
is tho difference in the height of mercury in the two
capillaries and is read on s_calé y; Vv = the volume of
trapped air in Cap, 1 and V = the total volume of bulb B,

(b) Practical
Duec to the fact that scale y on the McLeon Gages siarts at
the top of Cap. 1, the distance from this point ‘to the
line on scale x indicating the compression ratio valucs
10‘5, 5 x 10"5, 10~k and 5 x 10~4 and hnving the respec-

tive values of 0.2 cm., 1 cm., 2 cm., 2nd 10 cm. mst be




-

added to the y scale reading in order to give the pressurc
in cm, of mercury, The reading on the FC lin.e are actu-
ally maae by stopping the top of the mercury column in
Cap. 1 on the highest division of scale X that can be used
keeping the top of the mercury colurn in Cap. 2 on sczle Y.

Calculations are then simplified as follows:

Position of Mercury Presgure of system

of Cap, 1 in microns

10~2 0,2 cm, £_cm, as shown on. scale ¥
10

5 x 1077 1,0 cm, £ cm, as shown on scale ¥

) 2.
1074 2,0 cm, # cm. as shown on scale y .
5 x 104 5 (10 cm. # cm, as shown on scale ¥)

L, lLowering mercury into well after reading McLeod Gage.
(a) Start vacuum pump attached to Cock D,
(b) Turn cock D to open line from vacuum pump into mercury well.

When mercury has all been' lowered into the well M, close

cock D,
5 Precautions
(a) Never read the mcleod Gage unless you are sure that no
0-616 is in the line, C-616 reacts with mercury and will

cause it to stick in the capillary.

(b) Differential Pressure Problems

(1) In order to lower the pressure on the gage' from ‘

atmospheric by means of the two vacuum pumps, cocks

D and G must be opened very slowly and.at the same
time,
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(2) If cock D or G must be regreased, pressure differ-
ences must always be taken into consideration before

removing either stopcock,

Proccdure

A, Operation of Vacuum Systexﬁ

Refer to Figure 2., Consider the vacuum system as all of the diagram

to the right of valve G, It is completely constructed of glass with

the exception of the flexible copper tubing section,

1.

2,

3.

Le
S

6o

Assume the system to be at atmospheric pressure, valve G closed,.
and all stopcocks but 3 opén, the three tréps clean with prop—
erly greased ground glass joints held in place by rubber bands,
and all stopcocks properly greased., All ground joints must be
lubricated with Apiczon M stopcock grease, Raise dewar flasks
aroundAthe threec traps and fill with L-28,

Start the mechanical pump,

Turn the variac controlling the mercury pump heater on and set

it at 60 volts,

lum the comdenser jacket water on,

The system is now being evacuated with the exception of Trap 8
or Trap L depending upon which way stopcock 4 is open, Some
time is required for the mercury pump to begin operating mut
pressures down to a few microns can usually be obtained in a

few minutes. A4s soon as the mechanical pump has obtained a

"fair' vacuum it will assume a quiet operation.

McLeod gage recadings can be taken now to check the pressure in

the system. Turn stopcock 3 to the position at which it admits
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atmosphere to the flask above the mercury of the grge. "Control
the mercury risc in the gage by partially constricting the pass-
age for atmosphcre with the finger tip. Fhe mercury should rise
slowly in the bulb and into thu. capillary section in front of
the calibrated porcelain plate, Accurate readings can now be
obtained in the lower pressurc range (.01 micron) - See Section
I, part & on kcleod Gage,

Open stopcock 3 to the vacuum pump which removes the atmosphere
from the mercury well and retwrns the mercury to the flask.

Turn stopcock 3 to the off position and close stopcock 2 if
there is any possibility that the system is to be opened to
hlghcr pressures, Never open stopcock 2 to the line when the
gage is in an evacuated condition unless the mechanical pump

is ruming quictly signifying the system is Also in an cvacuated
condition, "vfl"xen conditions are proper to take 2 Mclzod gage
rcading, stopcock 2 should be opened approximately 1 minute in
advance of starting the reading operation.

Within on hour the mercury pump should be in full operation ard
the systom ready for scrvice. Read the Mcleod gage until a
pressurce of less than 5 microns (preferably 1 micron) is obtained.
Should desired prossure not-be obtained after a reasonablc time
the cause can usually be traced to sn;all le aks at one or more of
the glass joints. & lwak can ordinarily be readily isoclated
and remedicd, There is a possibility of a leak through valve G,
a crack in the glassware or inefficient operation of the pumps,

but it is wise to check the glass joints first. If necessary

isolate and correct the leak,




. 1.1
o

~10-

B. Operation of C-616 Charging Systcm

Refer to Figure 2, Consider the C-616 charging system as that part

of the diagram to the left of valve G, The purpose of this system
is to deliver a constant amount of C-616 from the storage cylinder °
into reactors attached to the @anifold.
1, Filling the Pipet

(a) Assume the vacuum system is evacuated, the charging system
is at atmospheric pressure with G-74, and valves A, B, E,
F, and G are closed.

(b) Make sure that stopcock 2 of the vacuum system is closed,

‘ (¢) Slowly open valve Go The hand on the pressure gage will
immediately start to drop from 0 toward the 20 inshes of
Hg rcading and the mechanical pamp will be heard operating
loudly. .About one half hour may be required to evacuate
this section since the volume of the pipet or ballast tank
is rather large,

(d) After pumping on this section for a few minutes, the
pressure gage will read near 28 inches ancf the pamp will
have resumed quiet operation, Open stopcock 2 and recad
the Mcleod gage. hen a reading of less than 5 microns
(preferably 1 micron) is obtained, close valves G ard C,
The charging system is now ready to pipet C-616,

(e) Open valve E and allow C-616 as a gas at its vapor pressure

. . at room temperature to fill the ballast tanke. 3_% ﬁo L

inches rise in pressure will deliver 8 grams (é' 3 grams)
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to the ballast tank, When the pressure has risen this
amount, close valve Eg
2, Evacuating the Reactors

The charging system is now ready to deliver C-616 to the re-

actors,

Proceed as follows:

(a2) Place the reactors on the line connections using D-29 gas=
kets as shown in Figure B. These gaskets insure leak-
tight connection without undue strain on threads,

(b) Without opuning reactor valves open valves G, A, and B

and pump a vacuum of less than 5 microns over the reactors,

t

(¢) Open the rcactor valves s lowly, one at a time; evacwte

to less than 5 microns (preferably 1 micron) .

(d) Close valve G,
3, Charging Reactors

(&) Close valve B, Raise a bucket containing 1-28 around
the first reactor on the top.branch- of the line and hold
in piace for about one min.ute,

(b) Open valve C allowing the C-616 to distill over into the
frozen reactor, The pressure gage returns to about 28
inches reading, |

(¢) Close valve C and open valve E, Allow 3% to 4 inches

pressure of C-616 to enter the ballast tank, Close valve
E,

(d) Close the valve on the reactor just charged and move the

1-28 bucket to the next reactor in line,
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(e) Open valve C and repeat the procedure for each of the

reactors.
L. Removing C-616 from Lines

(a) Raise dewars of L-28 around traps S, L, and A.

(b) Wit,h- valves on the reactors, valves E and F and stopcock
l;...closed; open stopcock 5 into the S trap and slowly open
valve G. Immediately the sraces ef C-61l6 in the lines
and the bal;ast tank will begin to distill over into trap
S.

(¢) Heat 211 the metal lines and tanks being discharged of
C-616 to 60°C, and maintain at this temperature, Allow’
to drain into 'trap S for 5 minutes. Also warm reactors
to approximately room temperature with tarch.

(d) Open stopcock 5 into trap L, and allow lines to drain for
an additional mimite. |

(e) Open stopcock 4 and pamp on the system for 2 minutes
(The auxilliary sold trap A will catch any traces of C-616
that might get through trap L),

(£) Close valves G and D.

(g) Admit aboui;, 1 atmosphere of G~74 through valve F and re-
move the reactors.

(h) Place the reactors in the oven at 100°C for 3% hours,

[ 4

C. Discharging C-616 From Reactors

1. Remove reactors from the oven and allow to cool to rcom temper—

ature,
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2. Place reactors on the line,

3, 4s described in section D=2, pump a vacuum of less than 5 microns
over the reactor valves, ,

L. Place electric heaters around the reactors and connect to the
lines from a variac which should be set at approximately 10 volts
per reactor, This setting will raise the temperature of the
reactors to approximately 100°C.

5, With stopcock 4 closed; open stopcock 5 to trap S, and one at

| the time, slowly open the reactor valves. At the completion of
’ the distillation (20-30 minutes) the pressure gage will have
' returncd to a reading of 28 incles.
| ' 6, _Open stopcock 5 to trap L for one minute; o'pcn stopcock 4 to .
the pump. Evacuate the reactors for 1 hour while keeping them
at 100°C.

7. Cool the reactors to room temperature.

8. Closc valve G,

9. Slowly open valve F admitting G-7L, to the reactors until the
gage reading is 2 to 5 pounds per square inch.

10, Close reactor valves..

11, Remove reactors from the line.

Just prior to weighing reactor, open reactor valve momentarily

to reduce G-74 pressurc to atmospheric,

i

D. Determining Inertness of C-8l6 to C-616

1. Charging the Reactors ' _ .

(a) Evacuate the properly conditioned, weighed reactors; close




(b)

(c)
(a)

(e)
(£)

(2)
(h)
(1)

)
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their valves thus retaining the vacuum, and remove from
the line.

Rinse a clean filter pour tubc as shown in Figure 3 with
2 or 3 cc. of the sample (placing rinsings in designated
waste bottle) and attach the tube to the reactor.

Pour 56 cc. of C-8l6 into the pour tube from a graduate
(also rinsed),

Open the reactor valve slowly in order to admit the sample
to the reactor with a minimum of air.

Closc reactor valve,

Weigh the reactors on a triple beam balance to 0.5 grah.
56 cc. of C-816 should weigh very near 100 ge

Place the filled reactors on the lire and obtain a maximum
5 micron vacuum over the valves.

Place L-28 buckets around all reactors and freeze for a
minimur period of 10 minutes.

Open reactor valves and pamp a maximm 5 micron vacuum

on the reactors.

Charge reactors with C-616 as you charged the empty re~

actors; cexceptions as follows: | A

(1)  Keep all reactors in 1-28 baths,

(2) Keep all reactor valves closed while charging except
the one being charged. |

(3) keep all valves and connections warm so that the
C-616 will go into the one open reactor,

(4) Place in the oven for 24 hours plus 1 hour lag time,
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2., Discharging the deactors
(aj fdemove the reactors from the oven and treat similarly to

‘the blank reactors; exceptions as follows:

(1) Give more care to performing'a controlled distilla-
tion. This can be done by raising thé tempe rature
slowiy to 100°C. by the variac control and by having
a minimum distillation time of 1 hour.

(2) Handle emptied reactors in the same manner as the

blank rcactors and weigh to 0.5 mg.

TII. Calculation of Results:

S____LEL______;a____Q_‘._)___Finalwe' t - dnitial weight) X 100 _ £ non-volatile residue
Weight of 816 in reactor '
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' INFRTNTSS OF C-21h4J, ‘ND WFL LUTE OIS TO C-616

"hen C-616 is heated with C-214k4 or IFL, certiin impurities in the oil

reduce the C-616 to form TF), » The relation between the weight of TF L

formed snd the total weight of 0il used, expresscd as por cent, is taken

as o measure of the rcactivity (inertness) of the lube 0il with C-616.

I. aratus

- 1. The vacuum system and C-616 charging system arc shown in Figure

2, "Tnertness of C-816 and C-716 to C-616".

Glass renctors shown in Figure 1.

3., ‘ny standard enalyticzl titrimeter using oxidation - reduction

.

electrode system.

Protective tube made from 1-1/4 inch copper tubing and shown im

Figure 2.

II. Reagents
Pi'epc.ration

1.. Ceric /‘mmonium Sulfate (0.05 N)-- "'eigh out- two 300 gram portions, _
‘dd- .

of ceric ammonium sult"xte and nut ea.ch in a b, L. bc kors
VERY sm!’m;5 4

500 ml. of concentr"ted sulfur:.c a.cld to each bea.ker.

add 500 ml., of water to each beaker ”I'I’H CONST* N'I' STIRRING.

four more 500 mi, por’bicms of water to each beaker be:.ng carentL

to avoid spattsrmg. The t.otal volume in each beaker m.ll now. B&

approxima.t_eiy 3 1.
I an 18 1, carboy measure 10 1, of distilled water and add’

s the contemts of cach beaker to thg carboy. Rinse each beaker:

. | with 1. l. of ‘istilled water bringing the volume in the carboy:

to 18 1. Mix the contents of the carboy thoroughly.

£
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2. Ceric 'mmonium Sulfite (0,01 !N) - Carefully measure 200 ml.
of the 0.05 N ceric ammonium sulfnte solution into a 1 L
vqlmnetric flask. 'dd L5 ml. of concentrated sulfuric ~cid
and dilute to the mark with distilled water. :

3.. Férrous Arwonium Sulfate (5,05 N) - "eigh out 180 g. FeSOh(NHA__)ZSOA.;; |
6H2(5 and put in a 4 1. bmke.r. - *dd 2.5 1. of distilled water-
‘end then slowly with. st:.rrlng add 500 ml. of concentra ted
sulfuric acid. }-"easure 5 1, of distilled water into a 9 1..
carboy and add the 3 1. of solution td it. Rinse oﬁt'the
beaker with distilled wnter to mnke volume -up to 91, Mx
thoroughly. V' |

k. Férrous .mmonlum Sulf ate (O. Ol N) —-Dilute 200 ml., of the above

0.05 N ferrous ammonlmu sulfate to 1 1, with distilled water.

B.. Stnndardization

1.. M2ric Ammonium Sulf'ate (0.0L N) -
(2) Dry approximately 5 prars of “prirnry st-ndiurd grads’sodium
oxalate in a 100° C..oven for at least two hours. |
(v) Velgh accuratelv between 0.1 and 032 gr-ns sodiw. ox:ln te »'
into a 250 ml. volumetr:.c flask. Dissolve in distilled
»watern.nd dilute to volume.

(¢) Pipette accurately 25 ml.. sodium- oxa.late solution into a-

600 ril. beaker corrbﬁlnmg appronmately 140 ml..of "distilled
. water and 20 mi. of 18 N HySOy, .« -

(d) Heat the solution to 80° C.». and titrate electrometrically

ﬁth the ceric ammonium sulfate solution using the Beckman
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pH meter (Calomel-Pla.tinum Elcctrode System), If the

¥

solution is nllowed to fall below 80? 'C. the cnd point is

very sluggish.

-

(e). Caléukation _

N - ggg. . _of .sodit.un oxalate
" = ml. of solution x .067

2, Standardization of Ferrous ‘mmonium Sulfste (0,01 N) -

(a) Since ferrous ammonidrg. sulfate solution is unstable it is
necessary to determine the ratio of ceric ammonium sulf-te
to ferrous ammonium sﬁl.fate daily. |

(b) Pipette accurately 25 ml. of 0.01 N ceric ammonium sulf=ate
into a 600 ml. beaker contam:.ng approximately 140 ml, of’
distilled water and. 20 ml. of” lB,N H,50, .

(¢) Bring the solution to 9o°'c. £10° C. and titrate clectro-

metrically with 0,01 N ferrous ammonium sulfate, using the |
Backman pH meter (Calomel-Platinum Electrode System). e T
(d) Calculation '

mi. ceric ammonium sulfate
ml. ferrous amnmonium sulfate

III. Procedure

A.. Filling the Reactor.

]

1. "eigh the clr..an, dry (see "Cle‘.m.ng ‘pparatus" Sect. I-B,

"Thertness of C-81l6 or C-716 to C-616") reactor empty on a
triple bzam balence to 0,1.gram,
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Lond the reactor with 10 to 15 ml. of the sample with a long-
stemmed fumnel avoiding, if'pqssible, getﬁing sarple on the wails
of ‘the reactor neck. This operation is greatly facilitated by
having the sample and the funnel heated to about 759’0.

“eigh the loaded renctor to the necrest O.1 grom.

Charging the Reactor with C-616

1.

2.

3.

L

Place the rezctor on the vacuum line, using two neovrane gaskets
in the flare. Do not tighten with a wrench.
Raise a dewar containing 1-28 around the reactor.

*hen the oil has frozen solid, evacuate the system to a pressure

{

“of’ 5 microns or less.

Charge the reactor with C-616 in a penner similar to the method.
used in chrrging the meﬁél regctor in detarminipg the inertness-

of C-816. |

ith 5-11 g. of (~616 condensed in the reactor over the oil sample,
seal off the ster 'slowly and uniformly with a torch about half.

ﬁay between the reactor top. and the fl&re nut .

| NOTE: Operste the vacuum system and the charging system
exactly as described in "Inertness of C-816 or C-716 to C-616"..
For best results, cherge only two reactors at a time. - c-616

pressure of 3-1/2 to 4 inches Hg will give the desired (5-11 g.)

in-each reactor.
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Heating the Reactor:

3

illow the reactor to warr to approximately room temper-ture.

s ' i . ) 0

Place it in the protective tube and hest in the 100~ C. oven
for three hours plus a lag time of A0 minutes,

it the cnd of three hours forty minutes, remove the reactor
from the oven and plnce in a trichlorethylene-dry ice bath

(or any bath ‘cold enough to quickly condense the C-616). It

is best to have the roactor and material cold enough to condense

the C~-616 but not cold enough to freeze the MFL or C-214k solid.

Ds _Unloading the Reactor:

. In the hood wearing'protective gloves, behind a safety shield,»

a holding the reector with test. tube tongs, hent the reactor about ‘ Y

one inch from the tip in a gas fl"'.mc, until it is red. Be sure

' the reactor tip is dry before placlng it in the flame and be

careful to see thot the reactor inclines away from the flame,

Invert the renctor and simultcneously immerse the hot tip into
L,OO-600 ml. benker cont= mlng 100 ml. of distilled water and

20 rl. of concentrated sulf.urlc acid. The reactor stem will

brezk off or. cr:,.ck sufficiently that firm pressurc against the

bottom of the bea.ker will break it off : llomng solution to rise

Sh~kc the contents of the. reactor into the beaker and rinse

three times with 10 ml. porticns of distilled wator. ; . .

1.
2.
into the reactor.
3.
Ee Prep"rat.ion for Tltr'xtion'
l..

*da 50 ni., f the 0 Ol ‘N. ceric sulfate so6lution and stir..

If the solution remains ‘green in color, add 25 ml. portions of

ceric sulfate until the solution is slightly yellow.
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2. Place on the hot plate and boil gently for 15 minutes. Boil
longer if nccessary. 11 the grcen solid should dissolve, giving
2 slightly yellow solution. If the solid is slowly soluble,
add 20 ml. of 18 N sulfuric acid (do not add concentrated acid.
ta a boiling solution) and continue to boil gently until solution
is complste. If the solution chnnges from & yellow to a green
color, add 25 ml. portions of 0.01 N ceric sulfate until the
color is again yellow.

F, Titration:

1,. Comncet the calomsl and plotinum clectrodes for measuring oxida-
tion-reducﬁion'potentials to the Beckman pH meter and adjust the

instrument according to the instructions attached to the lid.

'27- Place beaker containihg solution from (E) on hot plate and heat- 7
to 90°'£y10° C. This temperature should be mrintained throughout
the titration. '

3. Lower the electrode system (Fig. 2) into the beaker.

Le. The c.mf, of the calomel—blatinnm clectrode systen in the
" hot solution, contzining an excess of ceric ammonium sulfate,
should be nt least 1050 mv, Ap“e.m.f; value less than 1050

| ‘ ' m&, may be inercased by oﬁe or both of the following operctionss
‘ (a) 4dd 20 ml. of 18 N sulfuric acid (an excess of ‘acid is
necessary for n good titr-tion).

(b) %dd 25 ml, of 0,01 N ceric ammonium sulfate solution.

('n excess of this reagent i.s obviously neceésary).
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5, Titration Procedure

(a)

(b)

(c)

“dd ferrous smmonium sulfate from the burettc, slowly-but
steadiky; with good stirring until the e.m.f. change
resulting from the addition of a 0.5 ml. portion of
reagent is large (10 mv.). Y

Add 2~3 drops portions, recording the total value of
reagent added and the e.m.f. values, until the e.m.ff
drops|approkimately 700 mv. ‘

“dd 0.5 ml. portions, recording total volume of reagent

added and e.m.f. values, until the c.msf. change with a

0.5 ml., portion of reagent is less than 10 mv.

64. Plot the ml. of reagent vs. the s.m.f: The end point is where

there is a maximum change of "s.m.f per unit of'rqagent added

(see Figure 3).

¢. Cleaning and Care of-Electrodés;

Cléen electrodes, cssential for-a good titration are assurgd by

the following procedure:

1,  Platinum electrode

(a)

(o)

At-th: end of a series of titrations (duriﬁg,a series '
of “titration if the olectrodes become sluggish) wash

the electrodes twice in~5 ml. portioné df’Freon ina

test tube:

Flace the electrode in hot (125° C.) cep. cleaning solution

and allow to cool and stand in this solution until it is to

be used for further titrations.
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(¢) Rinse the electrode, jﬁst before using, with copious
aﬁounts ofAtap water followed by distilled water.
2. Calomel Electrode
(a) At the end of a series of measurements (uring the measure-
ments if the electrode system becomes sluggish) thoroughly
clean the electrode with a cloth saturated with Freon. -
Follow this operation with a cloth saturated with distilled
water, |
(b) Rinse the electrode well with distilled water, place the
rubber tip on the electrode and allow to stand in distilled
‘water until it is to be used for further titrations.._
(¢) In case the saturated KC1 solution becomes contaminated,
flush out the electrode thoroughly with distilled water,

saturated KCl solution, and refill with saturated_KCl

solution.

IV. Calculo-tions:

[mi. Ce(S0y), - (ml. choh)(RQ7”(N¢e(soh)2) (15,7)

7 residuc =-
S "% . oil sample

where R ="ml. ceric sulfate eouivnlent.to 1 ml. of ferrous sulfate.
(Sce Stond-rdization).

T o

“ residue -

15.7 [Trl. €5(50,)2) (Moe(s0,),) - - mil. Pe(504) (Nreso,)/

b e menes e PGS . o W

wt. oil smmple
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1.3

VAPOR PRESSURE ANALYSIS OF C-21kk OR MFL

A known amount of dry, oil-free nitrogen is passed through the

sample at 60° c. (140° F.). Volatile material is condensed in a glass

trap surrounded by dry jce and weighed. The vanor pressure is calculated

from the weight of material volatilized. Three runs are made simul-

taneously with the present equipment.

I. Apparatus
A, Constant temperature oil bath at 60° C. £»0.2° c.
B. Saturators and traps as shown in Figure 1.
C. Rotameters in the ranre 6f 0-1., liters per minute.
D. Clean glass beads approximately 5 mm. in diameter.
E, Drying oven operating at 110° C.
F. Analytical balance.
G. Cylinder of oil and moisture-free nitrogen fitted with reducer

4

valve.

II. Procedure

A.

B.

C.

De

Agsemble the apparatus as shown in Figure 2.

Place the sample to be run in the 60° C. bath or an oven at
the same temperature one~half hour before starting the run.
Fi11 the saturator with cléan, dry glass beads 5 or 6 mm, in
diameter to a height of 3 inches, |

Shake the sample to mix thdroughly and pour it into the clean
saturator to just cover the beads. (Approximately 50 ml.).

Lubricate the saturator stopper with a small amount of the

sample and insert it in the ground glass joint of the saturator.
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Tmmerse the saturator in the medium to a depth well over the
sample level, and purge for two minutes with a slow, steady
flow of nitrogen.

Place the clean (see "Cleaning Procedures") trap that has been
previously weighed on an anal ytical balance to 0.1 mg. (see
"Weighing Traps") in position on the saturator. Lubricate the
tapered ground glass joint on the trap with the sample material
but not near the small end of the taper. .

Connect the rubber tubing from the secondary trap to the rota-
meter. (Actually, to avoid confusion and errors, when running
more than one sample at a time there is a standard arrangemegt
of apparatus; i.8. always attach a Prest-o-lite regulator to
the saturator -in the same position and conne?t the saturator
to0 the secondary trap which leads to the same rotameter - thus.
setting ﬁp three separate and distinct circuits.

Raise the trichlorethylene-dry ice bath around the glass trap..
Start the flow of nitrogen by opening the Prest-o—lite valve |
slowly to prevent a surge and splashing of sample. Adjust the
flow until the height of the rotameter bob corresponds to 0.5
liter per minute on the calibration curve for the particular

rotameter.

- Take the following reading every half-hour:

1. Rotameter reading - these should remain constant during

the run. Correct if necessary.

2. Temperature of the nitrogen leaving the rotameters.
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3, The temperature of the bath.
L. The barometric pressure. (At the beginning and end of
each run).

| ‘ K., At the end of 4 hours close the valve on the Prest-o-lite
regulator, remove the trap, and carefully wipe the lubricant
from the taper joint with a clean cloth moistened with Freon
113 or.acetone. Place the cap over the taper joint and a
rubber policeman over the other end as quickly as possible.

L, Connect another clean, weighed trap to the saturator, and start

another run into this trap from the same sample.

M. Wipe the outside of the removed trap with a clean, dry towel,

and place in a desiccator for one~-half hour before weighing.
N. Make calculations for the two runs. If the two runs check
within 20 per cent of each other and are within the specifi-
cations, report the vapor pressure of the sample as an average
of the two résults. If the checks are poor, or if the values

obtained are greater than the specifications run additional

determinations.

IITI. Calculations

Calculate the vapor pressure according to the following equations:

liters of mitrogen aspirated) (273) (B) - w n . Volume of gas aspi-
760) (273 £ t , \ rated at standard

temperature and
standard pressure.

P = Barometric pressure (Average of the two readings).

t = Average tempernture of aspirated nitrogen in c.
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273

standard temperature in degrees absolute.

760 = standard pressure in mm.

(weight of material volatilized) (22.4) (760) _ Vapor pressure of sample
("a"S (1000) = in mm. of Hg.

Weight of material volatilized = gain in weight of trap.
22, = one gram molecular volume in liters.
1000 = assumed molecular weight of C=2lhk or MFL.

+ Mpeduced formula® can be used:
(47.4) (weight of material yolatilized) (2%3 £ t) _ Vapor pressure of
{1iters of nitrogen aspirated P = sample.

IV, Weighing Traps

Weigh traps with a similar trep as a tare and with both ends plugged.
Place & ground glass joint plug on the taper end and stretch a rubber
policeman over the tubing of the discharge end. Handle plugs‘very
carefully so that their weights remain constant for both the clean
weight and for the residue weight. In running three simultaneous
samples, have three sets of plugs well marked and use the same plug
for both weighings of the same traps | 7

For convenience in weighing, hang traps from the pan hangers of

the balance by means of wire handles attached to the traps.

V. Cleaning Procedures

L. Traps - After using the trap, rinse it out four times with

smnll quantities (not greater than 5 ml.) of fresh acetone.

If the trap contains a very large amount of volatile material

(over 50 mg.) or if sample is C-214L it is advisable to soak
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with about 10 ml. of Freon 113 for five minutes, rinse with
fresﬁ Freon and then start the acetone rinses).
Place in the oven 2t ]'_'00)—1100 C. for 1 hour.
Remove from oven and place the trap, without the plugs
in the desiccator for at least one hour before weighing. -
B.. Saturators | ‘

1. Drain out as much of the oil éémple as possible. (Bj
draining the saturator while it is still hot, most of the
sample can be recovered). |

5. (a) If the oil sample was very viscous, use warm, waste

Freon 113 to wésh out e:ﬁcess oil. Then wash out the
remainder of oil with clean.warm Freon 113 forcing it
back and forth £hrough the porous filter using a rubber
sponge as 2 mechanical aid to this operation.

(b) If the oil sample is not very viscous, one.washing
with clean Freon 113 should remove the oil.,

3,. Rinse thoroughly with acetone.

h;,_Dry saturator in the oven at 100o C. for & minimum of~
171/2 hours. .

C.. Glass Beads
~ 1, Drair the I1TL or C-21%/ from bends by placing them in a
wire strainer whicﬁ is placed over a beaker. The oil will
drain from the beads more rapidly if kept in an oven'for

15 to 20 minutes. | -




b .

2. HRemove from oven, put beads in a clean beaker, add warm
waste Freon 113 to cover the beads, stir begcis well with
stirring rod, then drain off Freon. Add clean, warm
Freon 113 and stir. Dfain.

3, Rinse well with acetone at iéast tﬁce, put beads in a
clean beaker, :md,ialace in oven to dry for a minimum of

1-1/2 hours.

NOTES:. If !TL or C-214k sarpls’ contains any C-616 or other impurities, ,-
wash the saturator and boads v%ell with hot soap solution after being |
washed with the hot Freon. Perform the washing with soap solution

‘ after the washing ﬁth Freon as the Freon dissolves only the oil,
leaving the other impurities whici'x are readily dissolved by the soap
solution). |

It is psrmissible to use trichlorethylene as a substitute

for Freon if the sample is MFL.
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1.

C-216 CONDITIONING

(See Figure 1)

I, Charging

»

1. Be sure equipment to be conditioned is thoroughly clean and dry.
2. 4ttach equipment tp be conditioned to line manifold.
3. Close =1l valves on the apparatus.
4o Start vacuum pump.
5. Open valves on the equipment being conditioned.
6. Slowly open valves P and L and pump a 28 inch vacuum on the
eouipment being conditioned.
7. Close valve P..
8. 6pen valvé on top of C-216 cylinder and then valve C, letting
C-216 int6 the equipment being conditioned to the desired pressure.
9. Close valves on the equipment being conditioned and valve on
. top of C-216 cylinder; |
- 10, Open valve N, letting G=74 into the system to a pressure of at
least 30 pounds gauge.
11. Close valve N and open valve D. Then close valve D and open
valve N. Repeat this alte;nate pressurizing and releasing ten times.
12. Close valves D and N, open valve P and pump down to 28 inches
of vacuum for one minutee.
13, Close valves P, L, and C. Open valve N and let G-74 into sysﬁem
to 5 pounds gauge pregéure.
14. Remove equipment being conditioned fram the manifold. It is

)
now ready for its conditioning period, preferably 24 hrs. at 100" C.




II, Dischargigg

1. Place conditioned and cooled equipment on the line manifold.

2. Open valves N and L lettirng G-74 into the manifeld to a pressure
of at least 30 pounds gauge.

3, Close =-iwe &,

k. F“wen valves on equipment being conditioned, then open valve D.

5. Close valve D and open valve N, Close valve N and open valve
D. Repeat this alternate pressurizing and releasing ten times.

6. Close valves D and N, open valve £ and pump down to 28 inches
of vacuum for one minute. |

7. Close valves P, L, and C. Open valve N and let G-74 into

system to 5 pounds gauge pressure.

8. Remove -vaditioned equipment from line minifolds

NOTE: Keep hood door closed at al times that (-21% is being transferred

except the times it is necessary to momentarily open or close a

valve., “ear asbestos gloves during this operation.
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DETECTION OF ACIDITY IN FLUOROCARBONS

C~-816, C-716, C-2 and MFL

i. Detection of Acidity in Distilled Water

A, Add one drop 0.1 per 6eﬁt methyl orange to 10 ml. of distilled
water in a clean test tube,
B, If a pink color is formed, do not use this water for detection

of acidity in fluorocarbons. If no pink color is formed, proceed as in

Section II.,

II. Detection of Acidity in Fluorocarbon Sample

A, Add 30 ml. acid-free disiilled water to a 10 ml. portion of
the sample.in a clean test tube,

B, Shake thoroughly and allow sample to gettle.

C. Decant 10 ml, of the aqueous layer into a clean test tube.
t .D;. Add one drop 0.1 per cent methyl orange to the agueous portion

from Step(}. The formation of a pink color indlcates acidity in the

sample,
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PROCEDURE FOR A.S.T.M. DISTILLATION

OF C-816 AND C~716

D-86~40 A.5.T.,M. Part II, 1942 will be followed,

l. Recordings during the distillation will be made in
accordance .with ‘the distillate volume réther thon by
temperature increments, Recordings, in addition to
I‘.B P, and Dry poi_nt , will be made when the distillate
reaches the 5 ml, mark, each 10 ml. mark, and the
95 ml, mark on the graduzate,

2+ The following settings have been found approximately

correct for the Eimer & Amend Heater when distiiling
ordinary C-816,

SETTING CHANGE POINT
95 .  After 4 minutes place flask on heater
60 At 90°F flask temperature
, 10 - 4 ml. level
15 | 9 ml. level
<0 | 14 ml, level
30 2L ml. level
Lo 29 ml. level
L5 39 ml. level )
10 L9 ml. level
35 69 ml, level

25 79 ml. level




PROCZDUR. FOR CLOUD FCIWT TSI OF C-8l6 i C-716

The stancard method of test for Cloud and Four points D-97-39, Part 3,
540 ¢Telia, 1942 will be used,

Norrnlly only one both maintained at a temporature of dry ice and tri-

chlorcthylene is nccesscry, Recording of cloud point is mde at =30°F.
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PROCEDURE FOR VISCOSITY TEST OF MFL, MFI, ~ND C-21L4

Method B, D-445-39T, 4.5.T.M., 1939, will be followed using a constant
temperature of 210°F with the following addition:

"1. Results will be reported in centipoises.
Galeulation:

Viscosity = Constant X Efflux time X Density
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II.

1,9
1~
PROCEDURE FOR DETERMINING DENSITY OF FLURCCARBONS

Pycnometers should be of suitable design with approximately 25 ml. capa-
city and equipped with ground glass stoppe;‘s containing a c_apillary.

A+ Cleaning - Fluorocarbon lubricants should be rinsed from the sur-
face of the glassware by use of freon or trichloroethylenc. Dichro-
mate cleaning solution should then be used; followed by rinsing with
distilled water and acetons. ) e

B, Drying - Should be accomplished in a 100°C oven for a minimum of one
and 1/2 hours; with subsequent cooling in desiccator.

C. Calibration - Volume of each pycnometer at 210°F is necessary.
Triple distilled mercury should be used for this operation and the
weighings made as indicated below.

Weigh the empty pycnometer with stopper on the analytical balance.,

III. Fill the pycoometer with sample to be tested, insert the stopper, ex-

. IV‘

cluding any air bybhble s, ad place it in the thermo-regulated bath for a
minimim of 15 minutes to allow sample to come to temperature of bath.
Wipe excess sample from top of stopper. Remove pycnometer from bath.

Wipe off bath fluid, ccol to room temperature and weigh.

Density = Final wt. of pycnometer - Wt, of cmpty pycnometer

Volume of pycnometer as calibrated
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!FTL I'TST DETERMIN TION

Part B
Groviretric Determinotion
“his is n method for ths determination of !MFL mist in pump discharge
2fter nassing throueh a mist filter,

Port - Jescribos the rethod for taking the szmple into a 5 liter

-
ML Chlie.
2

fart B deseribes the methol for the gravimetric determination of
the iFL in the con,

Port C describes the determinntion of IFL in the en by infra-red
~bsarption,

L. -oronrotus

ie. Sample cans
The snmples are taken in 5 liter monel cans fitted at each end with
onu inch gte volves packed with D-29, (See Figure 1).
B. 1 tinum dishes and cruci™les.
o}

Co Mvren -t 60 Co

I7, Zesgunts

Lo $w113

Jy be used as it comes from the cylinder if 200 ml. gives a
resi’=z »f 1 mg. or less on evaporntion. If the blunk is greater than
1 mg. the materinl must be distilled before use.

T 1= )
1IZl. froculure

eme—

.. Floce sampling cen in ¢dry ice box on back porch for one hour.
B, THemove, open only one valve, and extract bulb with five 30-40

ey

ml, portisns 28 =1l3.
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C. Filter and wash filter with F-113

D, Plece all filtrote and washing ‘n a2 200 pl. platinum dish

é’)
3

¢ plece in oven nt 60° C.
M. “Then this solution has evapor~ted almost to cryness, transfer

it (using F-113 to maie the tr-nsfer) to a tared 15 or 20 ml.
pirtinum crueible.

¥, Place this crucible, contnining the !FL sample in the oven at
€0° C. n¢ evavor~te to cryness.

G, "eigh ~nd $ubtract the tare %@ight to get the weight of MFL,

H, sgain place crucible in oven for 30 minutes, cool in cesiccator
and welgn agein.

I. RERcoeat this weighing vprocess until the crucible has reached a2
nonstont weight,

J. '.fter the sample hns been weighed, it nust be prepared for
an infro-rs’ ennlysis. To <o this, dissolve the sample from the
nlodbine erucible with carbon totraechloricde, and very carcfully trans-
for it to o 10 ml, volumetric flask. liake the volume to exactly 10.0
~1. with OC,, stdnper, tag with prover number, and put in safe place.
s ooy oshift will turn samples over to the infra red group.
-r n V

X T AT LS A
- . v CWa LAONS
pnaserite

. The temperciure of these samples will be given in degrees
Fohrenhei:, Convert to Jegrees Centigrode as follows?
°C. = 5/9 (°F.-32)

B. Thern when P = barometric pressure

. - (zg, 8,8,0) (T° ¢/£273)
ng. :FL/cu. ft. (STP) = Tol. bulb in 11.) (P)
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C. Deriv-tion of above formuln:
“Me, !FL in sample

mg. FL/cu.ft, (STP) = ~ (Vol. bulb in ml.) (P) (2
(760) (t°C. £ 273) %1000 Y (23.32)

and cle~ring the formulo given above is obtained.
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DETTRMINATION OF MFL MIST

Two standard samnles must be prepared. The first is a sample of pure,
dry carbon tetrachloride. The second is ¢aother sample of the same carbon
tetrachloride to which anproximately 20 milligrams per milliliter of MFL
have been added. This concentration should be known to at least three
significant figures.

NOTE: The carbon tetréchloride used in the préparation of unknown
samples must be from the same source as that used in thé standard samples.

A salt cell of 0.18 mm. thickness is used, although the thickness is by

no means critical.

I. 4djustment of Anparatus

1. Prepare the ecuipment for use with the optical amplifier, as
directed in "Operation of Infra-Hed Spectrometer”.

2. Set the spectrometer at 13,00 on the wavelength dial, and the
slit width at 0.200 millimeters.

3, Set the amplification of the galvanometer system to‘give a de-
flection of about 200 millimeters, with the cell out of the light

path.

II. Operation

1. Fill the salt cell with some of the solution containing 20 mg.
per mi. MFL

o, Adjust the wavelength dial to the point giving minimum galvanometer

deflection in the vicinity of 13.00.
3, Record this setting of the wavelength dial, and keep it constant

during the series of samples.




5.

Te

8.

9.

10,

1.11 E
-l
NOTE: "Deflection" is definéd s the difference between the
galvanometer readings with the shutter open and closed,
respectively. o

Take ralvanometer feadings for this known sample as follows:

(a) Cell in position, shutter open.

(b) Cell in position, shutter closed.

(¢) Cell out, shutter open.

(d)» Cell out, shutter closed.

Repeat these at least twice, until a sufficient number have

been taken to give the desired accuracy,

Remove the solution from the absorption cell by means of an

agpirator, taking care to prevent water from coming in contact

with the salt cell. '

Flush the cell out with two portions of pure carbon tetrachloride

to removebany residual }MFL.

(a) Unless the samples are knewn.to be of low concentration
(5 mg./ml.) the cell should be flushed with pure carbon
tetrachloride after every sample.

(b) Special care must be taken when a strong (10 mg./ml.)
solution is to be followed by a weaker solution or pure
solvent.

Fill the cell with pure carbon tetrachleride, and take galvanometer

readings as before.

Place the unknown samples successively in the absorption cell,

and take readings.

After every second or third unknown, the standard carbon tetrach-

loride is rerun. There should be less than 1 per cent difference
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Calculations _
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between successive runs. If greater differences are encountered,
run the standard more often, taking special care to avoid con-
tamination.

The entire seriss of unknovns should be run through twice, not
necessarily on the same day, If a difference of more than 0.2
mg./ml. exists between the two measured values for any unknown,

it should be rerun until satisfactory agreement is obtained.

A,

Concentrations of MFL less than 35 mg./ml.

1.

2.

3

L

For each pair of galvanometer readings subtract the reading with
the shutter closed from that with the shutter open. This gives
the "galvanometer deflection',

Divide deflection with the cell in position by the deflection
with the cell removed to get the transmission.

Average the transmissions fo} the several observations of the
standard sampleé of CClh and use this average in all subsequent
calculations;

Divide the transmission for each sample, including that containing
a lnown quantity of )FL, by the averaged transmissionrfor pure
carbon tetrachloride. This gives the transmission of the dissolved

1FL, the absorntion due to carbon tetrachloride and the cell walls

having been corrected for,
Find the logarithms of these corrected transmissions from the table.
Divide the logarithm of the solution of known MFL concentration

by that known concentration, in milligrams per millilifer.
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7. Record this factor, dencted by "F", to three significant figures.
(a) ™ith the apparatus and method described, "F" is usually
approximately 0.024.
8. Divide the logarithm for each sample by "F",
9. The resultingvnumber is the concentration of MFL in milligrams
per milliliter in the sample.

10. lultiply by the volume of the total sample, in milliliters, giving
the total milligrams of }FL in the sample. Samples submitted
are usually 10 milliliters.

11. Average the amount of MFL in each sample series of runs.

‘ 12, Report the calculated values and the average.

13. If the concentrations differ by more than 0.2 mg./ml. run the
sample again, and average all the values, unless it is obvious
that one of the values is in error.

B. Concentrations of MFL greater than 35 mg./ml,

The above method of calculation has been found experimentally to be
valid only up to concentrations of about 35 mg./ml. of MFL. Above this
concentration the-transmission of the sample is so low that scattered
radiation of shorter waﬁelengths reaching the thermocouple causes a
continually increasing error. For these higher concentrations the
following techniques are used:

1. 35-70 milligrams per milliliter.

(a) Calculate as above through Step 3, the calculation of
. averaged ‘transmis sion fractions.
(b) Subtract the factor 0.015 from each transmission fraction,

including those for the known samples.




2.

(e)

(d)

Over

(a)

(v)

(e)

(q)
(e)

(£)

(&)

1.1l
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Calculate the remaining Steps (4-13), as above, using these
compensated transmission valueé.

NOT®: This method is quite valid for concentrations below
35 mg./xl., and no error is caused by its use for dilute
samples.

70 milligrams per milliliter.

Estimatc, by the method used for samples containing 35-70
mg./ml., the aoproximate MFL content of the unimown sample.
Divide the resulting :FL content (in mg./ml.) by 20, giving
the number oflmilliliters of pufe carbon tetrachloride to
which one milliliter of sample would have to be added to
bring the sample well within the experimental range of con-
centrations.

Add 1 milliliter of the unknown sample by means of a pipette
to the above calculated number of milliliters of carbon
tetrachloride, of the same lot as that used in preparing the
original sample.

Rerun the sample by the usual method.

Calculate the concemtration of the cdiluted sample by the
method used for samples containing 35-70 mg./ml.

If the concentration is still above 70 mg./ml. repeat the
dilution process.

If the concentration calculated is below 70 mé./ml., multiply
by the dilution factor (the mumber of milliliters of solution
resulting from the dilution of the one milliliter of sample
with pure carbon tetrachlorde), and report the resulting true

concentrat ion.
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_(h) If it is necessary to repeat the dilution process, multiply

the concentration measured by the product of the successive

dilution factors.

IV. Sarple Calculacions

1. Below 35 milligrams per milliliter.

* For sample "Std. CCL,"

Average transmission for first runt

620 £ 622 £ 620 £ 622 - ¢
L

621 £ 613 _
. = .617

For sample "Std. CCl) # 22,62 mg./ml. ¥FL

Average transmission for two runs:

‘ Average transmission: .161
Transmission corrected for pure CCly: -'-]g?% = 261
Log transmission: -0.58336 .
: - 0.58336 _
| F = logarithm for 1 mg./ml. = —5%.-5%— = -.0258
For sample No, 241
Average transmissiont .561
Corrected transmission: .909
Logarithm of transmissiont -0L1LL
Concentration: Z—g—%%& = L.61 mg./ml. MFL
!average '
Sample Transmission  T/T Pure  Log. (corr. T) Mg./ml. MFL
ccl, A , ‘
25 .82 mg./ml. ITL 0.161 0.2 -0.5833
Std. CCl, - 0.621
. No. 243 0.606 0.982 ~0.00789 0.31
Std. CC].L‘_ 0,613

Slit: 0.200
Dial: 13,00
F: =0.,0258
TcCy,: .617

Original data on pages 14-15, Book BL~245
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2. 35-70 milligrams per milliliter

l.11

Average A.T. Corrected Log Me./ml.
Sanple Trensmission =0.015 |Transmission Trans. MFL
Std. CCL, #
22.62 mg:“_/zﬂln :""FIJ . .161 .lhé 0214,2 -06162
Std. CCIL; 619 604,
Unknown 0320 0170 .0282 ~1.5498 5647
3. Over 70 milligrams per miliiliter
kverage ALT. Corrected Log Mg./ml.
Sample Transmission -0.015 Transmission Trans. MFL
Std. CClL;
22,62 mg./ml, MFL .166 151 247 ~,6073
Unknown .0212 - .0062 .0038 -2.4202 90
| F = -.0269

Dilution: %g— = 4,5

Dilute 1 ml. sample in 4 mi. of CCly, giving a dilution factor of 5.

Rerun
!verage AT,  Corrected Log Mg./ ml,
Sarple Trensmission =0,015 Transmission Trans, MFL
%ﬁiézcgélf/él. ITL 166 151 o247 -.6073
Std. CC1,, | 627 612
Unknown, diluted 203 .188 .307 ~.5129  19.1
F = -.0269

19.1 x .5 2 95.5 mg./ml. }¥FL in original sample.
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C- IN C-816

Infra Red Spectrometer

I. Apparatus

Determinations of percentage of C-7l4 in C-816 a?e made with the infra
red spectrometer, using the galvanometer system.

The cell used is of NaCl, and has a thickness of 0.0l to 0.02 milli-
meters between faces when held in its clamp. It should have a transmission

. - . ‘
of 20-45 per cent when filled with pure C-816 at the 860 cm.”  point.

II. Procedure

1. Set the spectrometer slit at 0,500 millimeters and the wave-
length dial at 8.60.

2. Set the amplification to give a galyanometer deflection of about
200 millimeters on the scale. "Deflection" is the difference
between galvanometer readings with the shutter open and closed,
respectively.

3. Fill the absorption cell with standard C-816 (Lot 120).

L. Place absorption cell in position in the speetrometer.

5. Adjust the waveléngth dial until a point of minimum deflection
is found, usually within 5 small scale divisions of 8.60. This
is the 860 cm.-l'point.

6. Record the dial reading ana keep the setting constant while

| running the series of sampiés.

7. Take galyanometer«readings as follows:

a. Cell in position, shutter open

b. Cell in position, shutter closed

c. Cell removed, shutter open

d.. Cell removed, shutter closed




9.

10,

13.

15. .

16.

1:12
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Repeat this once, or until a sufficiént number of readings have
been taken for the desired precision. The two readings should
be within 1 per cent of each other, |

Remove the sample completely ffor the céll by means of an
aspirator or vacuum pump, taking care that no water touches the
salt cell. Since the substances in the samples are all volatile
there will be no film of residue left.

Place a sample of standard C-816, to which a known quantity of
C-71, (@-toluene) has been added, in the cell; and take trans—
mission readings, as for the standard.

Place a sample of each of the unknown lots of C-816 in the cell,
and take transmission readings as before.

"hen observations have been made for all the unknowns, run the
standard sample and the saﬁple with the known percentage of C-7lL
again. ‘

Set the spectrometer slit at 0.400 millimeters, and the wavelength
dial at 10,55,

Reset the amplification dial to give about 200 millimeters
galvanomcter deflection. .

Put a sample of 20 per cent C-714 in C-716 in the absorption

cell, and set the dial to a point of minimum deflection in that

region.

Record the actual reading of the wavelength dial at this point
and keep it constant during the subsequent samples. This is

the 975 cm.”t point.




1.12
® |
17. Empty the absorption cell and flush it out with pure Cc-816.
18. Run the same series of known and unknown samples as at the 860
cm. "~ point; starting with pure standard C-816 and C-816 with
known C-714 content, and proceeding through the unknowns, and
repeating the standards at the end.
18, Make two series of runs at each of the two settings, determining
the position of each setting and other adjustments anew for each,

making two independent series of results.

III. Calculation

1. Divide the galvanometer deflection with the ceil in the iight
path by the deflection with the cell out, for cach set of four
readings. This giveé an uncorrected transmission measurement.

2. Average the transmissions for the different successive readings
of cach individual sample, excluding wild values.

3. Average together the jnitial and final averages for each of the
two known samples.

L, Mitiply these average'transmissions by a factor, approkimately"
1.1, which corrects for absorntion and reflection by the cellf
faces. This factor is'equal to the reciprocal of the transmission
of the cell at 975 cm.’l when filled with carbon tetrachloride

or carbon disulfide, and changes only slowly under ordinary

circumstances,
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10,

13.
4.

15.

1R
by~

Obtain the logarithm of each corrected transmission fraction from
the table.

For the calculations, pair the values, matching each series of

values for 975 em.~t with a series for 860 em. L.

Div1de the 1ogar1thm of the transmission for the standard pure

0-816 at 975 cm. -1 by the logarlthm.for the same substance in the

_ corresponding series of 860 cm.-l readings. This quantity is

designated as "B".

Multiply the logarithm for each sample in the series of 860 cm."1
runs under consideration by "B".

Subtract these products from the corresponding logarithms at

975 cm,-l. The resulting differences are proportional to the
percentage of C-7l4 in the samples.

Divide the difference, in the case of the sample of known C—71h
content, by that known percentage; to obtain a quantity nen,
representing the difference in the logarithms which would result
from 1 per cent of C~714 in the Cc-816.

Divide the difference for each sample by "C", giving the per: cent
of C~71L in the sample.

Follow the same procedure with the othér series of observations.
Average the resulting per cents with the others.

Report these per cents and averages. ‘

If there is more than 1 per cent difference between the calculated

per cents for‘any sample, rerun that sample.
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SAVPLE CALCULATIONS

C-714 in C-816

For Standard Srmple No, 120 at 860 cm.t

60 - 9= 51 deflection with cell in
206 - 15 = 191 deflection with cell out

51 "<

191 = .267 trensmission

o267 £ 266 £ 268 £ 270
L ’

- ,268 average transmission for first

sampling
.268 .26
o 2’£__l = ,266 average transmission for sample

266 x1.151 = .306 corrected transmission

<5143 logaritim of tronsmission (from table)

‘ For No, 120 ot 975 cme ™t

120 - 1 = 106  deflcction with cell in
215 - 1, = 201  deflection with cell out
106 = 201 = ,527 troansmission

28 £ .516

) .522 average tronsmission

.522 x 1,151 = 601 corrected transmission

2211 : log tranémission (from table)

log at 975 _ .2211
Tog ot 860 = L5143 = +4299 = factor "BY

For No, 120 £ .69 Por Cent C-714

log 2t 975 - B (log at 860) = .3316 - .4299 (.4989) = .3316 - .2L45 =
1171

171 _ .17
C-m‘f%

7 g = 0.02497 = "c" (logarithm for sample containing

. | 1.0% C-714)
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For unknown snmple No. 240, first series

log at 975 - B (log at 860) = .1012

L1012 L1012 ae o
C - .021*97 - 1-!-005/0 C 7114'

For No, 24,0, second series

1.09% C-T1l

Averaging results of two series

ba09 £ 105 - 4,.07% C-TL4

Rcported Results

Run 1 L.,0% C-714
Run 2 Lol
Av, Lo1% C=T1L

Original data in Book BL-198, pages 30 to 37.
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TENTATIVE PROCEDURE

C=716 DISTILLATION & RESIDUE BY EVAPORATION

Apparatus:
4 description of apparatus may be found in Scott's Standard Methods of

Chemical Analysis, Fifth Edition, Volume II, pp, 1705-1713.

Procedure:
Distillation:‘

The condenser bath shall be filled with ice, and enough water added to
cover the condenser tube, The temperature shall be maintained between 32CF
and 4LO°F, |

100'ml, of C-716 shall be measured in a 100 ml. graduated cylinder and
vtransferred directly to the distillation flask, None of the liquid shall be
permitted to flow into the vapor tube.

The thermometer, provided with a cork, shall be fitted tightly into the
flask so that it will be in the middle of the neck and so that the lower end
of the capillary tube is on a level with the inside of the bottom of the vapor
outlet tube at its junction with the neck of the ‘flask. The thermometer shall
be approximately at room temperature when placed in the flask,

The flask shall be placed on the opening in the asbestos mat with the
vapor outlet tube insertéd in the condenser tube, A tight connection may be
made by means of a cork through which the vapor tube passes. The position
of the flask shall be so adjusted that the vapor tube.extends into the con-
denser tube not less than 1 inch nor more than 2 incles.,

The graduate used in measuring shall be placed without drying at the

Mtlet of the condenser tube and shall extend into the graduate at least .
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1 inch but not below the 100 mi. mark. The top of the graduate shall be
covered closely during the distillation with a piece of blotting pagr, cut

so as to fit the condenser tube tightly.

Heat shall be applied at a uniform rate, so regulated that the lst drop

of condensate falls from the condenser in not less than 5 nor more than 10

minutes. When the lst drop falls from the end of the condenser the reading

of the thermometer shall be recorded. The receiving cylinder shall then be

moved so that the end of the condenser tube shall touch {,he side of the cyl-

inder. The heat shall then be so regulated that the distillation will proceed

at a uniform rate of not less than 4 nor more than 5 ml., per minute. The read;
| ing of the thermometer is recorded when the 1st drop distills over. Then the

reading of the thermometer is, recorded when 5 ml, have distilled over and also

recorded when the distillate reaches éach 10 ml, mark on the graduate,

No adjustment of the heat shall be made after the liquid residue in the
flask is approximately 5 ml. unless the time required to bring over the last
5 ml, of distillate and to reach the end-point exceeds ‘s minutes. The end-

point is the temperature reached when the flask becomes dry.

Data Reportedf
The temperature is recorded with the total number of ml. distilled over.
The cooled residuc shall be poured from the flask into a small cylinder
grz;duated in 0.1 ml. and the volume recorded as residue,
| The difference between 100 ml. and the sum of the recovery and the resi-
due shall be calculated and recorded as distillation loss.

The time is also recorded cach time the temperature reading is recorded.
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Requiremamts for Duplicates:

If duplicates are run, the results obtained for the 1lst drop and end-
point,. respectively, shall not differ from each other by more than 6°F
Duplicate readings of the volume of distillate collected when cach of the
prescribed temperature points. is reached shall not differ from each other by
" more than 2 ml.

The actual barometric pressure shall be recorded, ut no correction made

except in case of dispute,.

Residue by Evaporation:

Place 50 ml. of Cf716 in a tared evaporating dish which has been dried
1/2 hdur in the oven, placed in desiccator to cool and then weighed. .Evapor-
ate sample to dryness on steam bath and place in oven 1/2 hour. Cool in
desiccator and weigh, All weighings should be made to the ncarest 0,000l gm.
Cglculations: |
Residue = ‘difference in weight

%Residue = o . wt. of sample
(vol, of sample)(sp, g. of C-716)

x 100

The residue is tested with ultra-violet light to see if there is any oil

present.
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CONSTRUCTION OF THERMOPILES

The following technique for constructing ten junction conper-con-
stantan thermopiles has been'successfully used by the Sampling Department.
I. FEouipment and Tools Needed

Wire: Copper wire (special high purity thermopile - grade No. 36) -
approximately 115 feet. |

Constantan No. 30 - approximately 8C ft.

Glass: 1 piece pyrex tubing OD é mm., ID 4 mm., - 1 ft.

1 piece pyrex ﬁubing oD 8 mm., 1D 6 mm., - 1 ft,

21 very small capillaries for covering the individual junctions

Friction tape

Jack knife

Smn11 scissors

Glyptal

Soft soldasr -~ plain

Soft solder-~rosin flux

Soldering iron

Thermopile jig - See Figure I

Spool of thread
I1I. Procedure

A. Construct the jig as shown in Figure I and mount it securely
on a table, or preferably between two tables.

B. Place the éopper and constantan wires on the jig as shown in
Figure 2.

C. Pair the wires, cooper-constantan, as jllustrated in Figure 2.

Tape each pair of wires together near the ends with small pieces of

friction tape.
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When this pairing has been done, check the complete system to be
sure that the pairing is correct. If it is not, an incompleted eircuit
will result, and time and effort will have been wasted.

D. Cut the wires at the nails on one end as shown in Figure 3.
Place the ends evenly, tape them together and tape securely to one of
the nails. Pull the wires fairly taut, cut and tape the opposite ends
in a similar manner. The object is to have all of the wires together as
a cable, without kinks, twists, and other distortions which might later
cause a break.

E. ™rap the cable with thread, as shown in Figure 4, beginning and
ending anproximately 6 inches from the ends. The copper leads should
extend from the center of the thermopile as shown in Figure La

F, Remove the thermopile.from the jig and make the metal junctions,
observing the following points:

1. Strip the insulation back the same distance on each wire
(about 3/k inch).

2. In stripping the insulation from the wires, do not permit
‘the cut ends to fray.

3. Remove both the cloth insulation and the varnish from the
wire. |

L. The corper wire is far more delicate than the constantan,

- _@0-handle accordingly.

5. Make the junction as shown in Figure 5,

6. To solder the junction, dip the twisted end into the flux,
then quickly pull it through a small drop of solder on the‘

iron. This results in a thin coat of solder. Drops or

thick coats will make the junction too large.
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G. Cut all junctions off to exactly the same length. The uninsulated
portions should not exceed 1/L inch in length. If all of the junctions
are not the same length the temperature reading cannot be considered as
the temperature at one varticular point. The junctions, if uneven or
if the insulation becomes frayed, must all be cut off, and the process
repeated.

H, Finish wrapping the cable to within one inch of the ends.

I. Draw out small glass capillaries, approximately 3/8 inches
long, from 10 mm. pyrex tubing, seal one end and fit snugly over each
junction. Use caution to prevent the cutting of the fine wires and to
see that the junctions extend to the ends of the capillaries. (Figure 6).

J. Test to see if the whole unit of ten junctions will fit into the
6 mn. tube (ID 4 mm.). Test to see if the eleven junction end, which has
the copper-copper junction, will fit into the 8 mm, tube. If the units
fit satisfactorily, paint the glass covered junctions lightly with
glyptal, and tie them together. Wnen dried together, they will become
a more substantial unit.

K, Paint 14 iﬁches of each end of the cable with glyptal and
dry as straight as possible. “hen dry, place in a drying oven at
l.OO0 C. and anneal for at least eight hours. Then remove the thermopile
from the oven and cool.

L, Test tho thermopile for a complete circuit with an ohmmeter.

The resistance of the complete unit should be approximately 250 ohms,

¥. The thermopile is now rcady for installation and calibration.
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CALIBRATION OF THERMOPILES

I. Introduction

Before a thermopile can be used for thermal measurement, its e.m.f.-
temperature relationship must be determined for the required ranre. This
procedure is intended to give in detéil the method employed for calibrating
the thermopiles used in the determination of the freezing point of Cc-616
samples.

These thermopiles are calibrated against a reference thermopile, referred
to as a secondary standard, which ié not used for any operation other than
calibration. The e.m.f.~temperature relationship for the secondary standard.
was obtained:by comparison with a primary standard, a platinum resistance
thermometer calibrated by the National Bureau of Standards.

TII. Calibrection of the Secondary Standard Against the Platinum Resistance

Thermometer

1. The platinum resistance thermometer ahd the hot junction of the sec~
ondary standard are immersed in the same bath, and measurements of
the resistance of the platinum resistance thermometer, and the e.m.f.
of the thermopile.made simultaneously. .
2. The temperatuie equivalent to the e.m.ff of the thermopile is
determined by czlculating the bath temperature from the observed
resistance of the platinum resistance thermometer.

TII. Apparatus

A schematic diagram of the apparatus for calibratingAthe secondary
standard thermopile is shown in Figure 1 and listed as follows:

Item A is a Leeds and Northrup K-2 potentiometer for measurement of the

e.n.f. of the secondary standard. .
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Item B is a Leeds and Northrup (G-2) Mueller bridge for measurement of
“he resistance of the platinum resistance thermometer.

ItemsC show the Leeds and Northrup HS galvanometers. They are mounted
on a special "A" frame by means of a Julius Suspension so that external
vibrations are dampened.

Ttem D is the bath for the "cold junction® of the thermopile (secondary
<tandard). It is a dewar containing a slurry of chipped distilled water ice
and distilled water in about equal proportions. This bath must be stirred
so that stratification can not set in; under these conditions the temperature
will be 0.00° C.

Ttem E is the bath in which the comparison between the secondary standard
and platinum resistance thermometer is made.. It is a_dewaf holding a cylin-
drical copper block (L) about 4 in. in height in the top of which are wells
2 inches deep and containing mercury‘for immersion of the platinum resistance
thermometer and the hot junction of the secondary standard. Since the re-
quired temnerature rangé for the calibration is 61~65° €., the dewar is filled
with hot water at 65O C. or slightly above and is corked tightly.

Item F is the secondary standard. One junctioh F, is immersed in the B
ice Bath, the other Fy is immersed in the well of the copper block.

Ttem G is the platinum resistance thermometer. It has four leads, marked
with the letters ¢, C, t, T, which are connected to the corresponding
terminals on the G-2 bridge.

Ttem H 1is a standard cell, built to produce a constant, known e.m.f.

Ttem J is a suitable thermometer such as & Beckman fpr checking the

temperature of the ice bath.
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Item X is a two volt battery. The type used is a 3 cell storage battery,
with the cells connected in parallel so that the e.m.f. across the terminals
is two volts.

, Since it is necessary to take readings on the K-2 potentiometer and G-2
tueller bridge simuitaneously, two people are needed to make the actual
calibration. As the hot bath coolé down from 65° C. to 61° C. readings on
oth instruments should be taken at the same instant, at ten or fifteen
minute intervals, depending upon the coﬁling rate. Eight to ten sets of
readings over this temperature range are considered ample for drawing the
z.m.f.-temperature curve for the seconda;y standard.

It is presumed that the operation of the potentiométer and bridge is
understood; For information concerning these see the Leeds and Northrup
bulletins on "Type X Potentiometers Catalog E-508 (3)" and "Directions for
No. 8069 Mueller Temperature Bridge".

To assure the accuracy of calibration the following precautions must bé
taken:

1. Readings on the K~2 potentiometer and the G;Z bridge must be taken
at the same instant. If they are taken some seéonds.apart,.it is
likely that an error §f O.Olo C. or more may be introcduced depending
upon the cooling rate of the ﬁot water bath. |

2. The ice bath must be at 0,00° ¢, throughout the run. It is well to
check ihis temperature before calibration by measuring its témpera-

ture with the nlatinum resistance thermometer. The resistance of the
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platinum resistance thermometer in a bath of pufe melting ice is
given by the National Bureau of\Standards calibration. The ice
bath should be stirred and its temperature checked throughout the
run with Fhe Beckman thermometer.

3. It is essential that the G-2 bridge be at 35 C. and that the ratio,
Ry and Ry éials be properly set. In addition,vthe zero for the
bridge must be déterndned before each run.. Directions for the R
settings and checks on the Mueller bridge are given in the bulletin
mentioned above.

L. The potentiometer must be balanced against the standard cell before
each reading. If this is not done the accuracy of the measurement

may be doubtful.

IV. Calculation of Temperature pg'Platinum Resistance Thermometer
.l. Correction of Bridge readings. - All readings on the G-2 bridge
must be corrected according to the calibration of the bridge
resistance coil by the National Bureau of Standards.
2, Platinum Resistance Thermometer Constants — The calculation of
the temperature, couivalent to z given measured resistance of the
platinum res.stance thermometer, involves certain constants, the

values for which must be determined for each platinum resistance

thermometer. The constants for the platinum resistance thermometer,

L and N No. 522049 NBS-742, were determined by the National Bureau
of Standards and are as follows:

Resistance in melting ice (Ry) = 25.524 international ohms

Fundamental coefficient of the coil (¢) = 100 - Ro = 0.0039234 '
R °

Constant in Callendar formula (&) = 1.495
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3. Formula and Calculetion - The equation relating the temperature to the

observed reéistance of a thermohm is known as the Callendar formula

and is
- t t
b= Be - Ro st )2
100 mis s’ (i 1o
Where t = temperature °C.
Re = resistance of platinum resistance thermometer at temperature t

R, < resistance at O.OOo C.

- . o
RlOO = resistance at 100.0 C.
€ 2 1.495
The Callendar formula may be written in ancther form which will simplify
the calculation somewhat.

. Tt is t = pt £ correction

--100 _(Rt -
where Ut - TL—MY
Ryoo - Ro

Corr. = Sg'i%o'- 1g\ 1—3-0-

But” from -the fundamental coefficient of the. coil as giveh in the pre-- -
ceding section:

(o4

Then By qq = Ry = 100 Ro (.0039234)
=100 (25.524)(.N039234)

=:10.01408
Substituting in pt = 100 Rt - Ro
' leOO - Ro)
pt :loo(Rt - 2505214»)
(10.01408) .

‘ , pt T 9.98594 (Ry - 25.524)
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3y substituting the measured value of the resistance for Ry in the last
expression, p;.can be e?aluated. Then by a method of approximation as
follows t may be calculated. |

If a value.for the correction is assumed, t can be calculated from .
the expression t = pt' # correction. Then the assumed value for the

correction is checked by substituting this value for t in

= - ) t
corr (lOO l) o)

If this value for the correction checks the assumed one, the calcu-
lated value for't is correct and no further computation is needed. If,

as is most likely, it does not check on the first assumption, assume the

value for the correction just computed in the check calculation and re-

4calculate t from t = pt £ correction. Then check the second assumption

in the same manner as before. Repeat this process until the assumed

value for the correction corresponds to the check result.

Sample Calculation

Ry = 32.0449

then pt = 9.9859 (32.04L5 - 25.524) = 65.117

First approximation
Assume correction of -0.340
then t =765.117 - 0.340 = 64.777

Check of correction

= (t—l).j‘_
Corr h(lOO ) I%

1.495 Eéh 777 lg 6_L+__Z_7. - -0.311

u
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This does not check the assumed correction, so ancther approximation

is needed.

Second Anproximation

Assume correction = =0.341
t = 65.117 - 0.341 = 64.776
Check

- 6.776 .
corr = 1.495 (G TT6 1% SaTT8 - 5.341

This checks the assumed value; then t = 64.776° C.

v Plotting of Results

The calculated temperatures eouivalent to each” observed reading of the
2 .m.f. of the secondary épandard are plotted, temperature in °C. on the
ebscissa and e.m.f. in microvolts on the ordinate. It is most conveﬁient
to construct the graph on millimeter paper, with 0.1° C. per centimeter fof
tempe rature and 50 microvolts per centimeter for the e.m.f. The resulting
plot should be nearly a straight line. If the points do not closely approxi-
mate a straight line, the calculations should be rechecked. If they are
correct, the calibration was inaccurate and should be renéated. ~

VI. Calibration of Thermopiles against the Secondary Standard

The method here émployed is similar to that used in the calibration of

the secondary standard. The uncalibrated thermopile is calibrated against
the secondary standard thermopile by using two K-2 potentiometers and less
sensitive CE galvanometers may be used in place of the I&N galvanometers.
The set-gp is diagrarmed schematically in Figure 2.

The same careftﬁ insure accuracj as was observed in the calibration of

the secondary standard applies in-this case. (See the section on precautions

above in the calibration of the secondary standard.)
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No computztions are nccessary in this case. The bath temperature equiva-
“ent to the measured e.m.f. of the secondary standard is found from its
';fm.f. temperature graph. The bath temperature thus found is the temperature
corresponding to the observed e.m.f., at the give moment, of the thermopile
2u2ing calibrated.

A plot is thén made of the e.m.f. vs. temperature for the thermopile in

he same fashion as it was made for the secondary standard. If the points
‘o not follow a straight line, the calibration is in error and should be
copeated.

More than one thermopile may be calibrated during the same run, 1f the
~onper block has the necéssary nusber of wells. The different thermopiles'
can alternqtely be measured by the potentiometer circuit, by use of the proper
ewitch arrangement. The e.m.f. of the secondary standard is rcad everytime
the e.m.f. of each thermopile is read. If the thermopiles are in continual
use it is advisable to recalibrate them monthiy. Though the secondary standard
is reserved for calibrrtions, it is advisable to recalibrate it against the
rlatinur resistance thermometer every three months. |

If the thermopiles are ever heated above the temperature at which they

were anncaled, they must be recalibrated.
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DETERMIN'TION OF HF IN C-616

By Freezing Point Method

The weight per cent of HF in a sample of C~616 is determined by

measuring the lowering of the freezing point of the C-616.

A,

Apparatus

1. Specially désigned freezing point cell, referred to as Harshaw

cell, See Figure 1.

2. Ten junction copper-constantan thermopile.,

3, K-2 potentiometer.

L. General Electric galvanometer (Cat. 32 C),

5, Thermostatically controlled water bath.

6. Thermoregulators—calibrated for various bath temperatures,

7. Beckman thermometer.

8. Distilled water ice bath, with automatic stirrer.

B. Procedure
Operation
1. Heat Harshaw cell, contain- 1.

ing sample, in an oven at

850 C, for 2-4 hours.

Prepare dewar containing mix- 2.
ture of distilled water and dis-
tilled water ice and place Beck-

’,

man thermometer and one end of

thermopile in the bath,

Reason for Operations
A1l C-616 must be liquefied to

give an accurate freezing point
run, since crystals or foreign
particles prevent supercooling.
This bath is used to give a con-
stant and reproducible tempera-
ture for one junction of the

thermopile.




L.

6.

~D=

Check temperature of the hot 3.
bath. Always make first freez-

ing point run at highest bath

temperature 63.2 - 63.3° C.

Place hot cell in water bath L
and pour about 1 ml. of bayoil

in well,

Place thermopile in well, 54
making sure that the lead wires
are hent as little as possible.
Make sure that the thermopile

touches ‘the bottom of the well,

Take the first reading of 6.
e.m.f. as soon as possible
after the cell is placed in

the bath.
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The temperature of the bath should
be slightly below thst of the
expected freezing point. Other
thermoregulators are available
which control the temperature

at 62.4° C. and 61.60 C., and

are used for samples of lower
freezing point.

The bayoil is used to produce good
thermal contact between wll of
well and thermopile.

The thermopiles should be handled
with great care. They -are deli-
cate, and when damaged, impossible
to repair. 4 great deal of time
is recuired to construct and
calibrate a new one. Gare should
also be taken to insure the
correct thermopile goes into the
right well.

If the reading is below 0.027000

volts the cell must be replaced

in the oven and the run discon-

" ginued; the contents of the cell

were not completely liquefied in

that case.




w

10,

Continue taking e.m.f. read- 7%
ings at 3 minute intervals as

they drop with decreése in
temperature. Record tempera-
ture of hot and cold baths at
10 minute intervals. Check
standard cell reading period-
ically.

“hen the C-616 has cooled be- 8.
low the expected freezing point,
strike the cell with a rod.

This should be done about 100
microvolts below the expected
freezing point,

Obtain reading for freezing 9.
point at ;n e.m.f. value which
remains constant over a period
of about 10 minutes.

Determine freezing point
temperature from a calibra-
tion curve.

Repeat the procedure for a 11,

check-run, using a different

thermopile, if possible.

2.1(c)

The cold bath temperature should
remain absolutely constant, as
shown by the Beckman thermo-
meter. The hot bath should re-

0 .
main within £ 0.15° C. of its

original temperature.

If the material has supercooled,
the shock given the cell will

induce freezing.

The time of the freezing point

flat may vary, depending upon

| the purity of the matcrial.

The freezing point values should .
check within the limits shown

below,
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C. Notes

1. There should be between 2-1/2 to 5 pounds C-616 in a Harshaw
cell before a freezing point determinction is begun. 4 cell containing
less than 2—1/2 pounds of C-616 gives an unreliable freezing point,
while one with more than 5 pounds is considered overloaded and dangerous
to handle.

2. The accuracy of freezing point vélues decreases with a greater
lowering of freezing point, as follows:

Qe 614-.05 - 63.600 Co Aooolo Co

b, 63.60 - 63.00° C. £0.015° C.
c. 63.00 - 62.50° C. £0,02° C.
4. 62.50 - 62.05° ¢, £0,03° C,

e. 62.04° C. or less - not valid

3. Correct interpretztion of freezing point runs is important, since
not 21l samples exhibit definite supercooling and pronounced flats. The
curve of a normal run is shown in Figure 3, with both supercocling and
freezing definitely indicated. Instances of irregularities in freezing
pointtruns are shown in succeeding figures. Figure 4 shows 2 run with
no pronounced supercooling; Figure 5 illustrates an instance where there
is definite supercooling but rather indefinite freezing point; Figure 6
represents a run with no apparent supercooling or freezing point.

In Figure 4, the freezing point flat is not preceded by a large
temperature drop, but the actual freezing point mny be considered as

represented by the flat on the graph. The slight supercooling may be
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due to foreign particles in the cell,.or to an unintentional shock given
the cell. If the flat is approximately 30-50 microvolts above the lowest
point of the shpercooling curvé, the flat is considered valid.

In those cases illustrated by Figure 5, where superccoling is definite,
but the flat uncertain, it is standard procedure to call the highest
point of this section of the curve the freezing point.

If a sample behaves as shown in Figure 6, it is treated in one of
two ways. First, if the hot bath regulator in use is not the lowest
available, the cell is returned to the oven, reliquefied, and a subse-
quent run made using a lower bath regulatér. Second, if the lowest hot
bath regulator is in use, and no supercooling or freezing occurs, the

material is considered to have a ffaezing point below the valid range.

No re-run is made on this cell.
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PURCE_GAS ANALYSIS

The purpose of this test is to determine whether the concentration

~f C=616 in a piece of ecuipment exceeds the safe limit. The safe 1imit
zas been set at a concentration of 10 parts per million. To run the |
test, the nressure in the ecuinment under test, must be greater than
atroscheric,

4 volume of gas is bubbled through water, and the water is tested
for TOQ%/ ion wiﬁh potassium ferrocvanide. If the concentration of C-616
in the gas 1s greater than 10 ppm, a brown color is obtained. If the

concentration of C-616 is less than 1C ppm, there is no change in color.

L. _Apparatus
The apparatus used is shown in Figure 1.
II. _Reagents
10 per cent Potassiur Ferrocyanide
Dissolve 10 grams of KLFe(CN)é in 100 ml, of water. This solution
should he made fresh every two weeks.
dame b eioedure
A. Uheclk to see that the nressure in the cell is above atmospheric

and that the G-74 valve to the C-216 charging line is closed.
B.. Attach the clamp to the flange on the C-216 charging line and

cmen the valve to the cell, ittach the bubbler and purge the line for

two minutes with the valve on the clamp wide open. Hinse out the

bubbler with distilled water.

Cs Fill the bubbler with 40 ml. of distilled water.
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Dy Bubble the pas through the water at the rate of 3 liters per
minute for six minutes. (Do not =llow the water to bubble over into
the flow manometer),

E. after bubbling, dilute the solution to 100 ml, and pour some
of the solution on a porcelain spot plate, Add a drop of potassium
ferrocyanide to it. If a brown color forms, the concentr:tion of
(~616 in the ras was greater than 10 ﬁafts per million,

F. Remort as "Positive - greater than 10 npm" or "Negative -

lass than 1C ppm".
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DETERMINATION OF T IN C-616 ASSAY SAMPLES

 Kethod:

The C-616 is hydrolyzed and converted to T sulfate by evaporation with
sulfuric acid. It is then rcdissolved in dilute sulfuric acid, filtered and
aliquoted to give a sample containing approximately 200 mg. of T. Te T solu-
tion is then reduced in the Jones reductor. Trivalent T which is formed in
the reduction is converted to tetravalent T by aerating the sample. The
sample is then immediately titrated with ceric amﬁbnium sulfate solution using
ortho phenanthroline ferrous ceﬁplex as indicator. The titration is best
carried out by adding 1 or 2 ml. excess ceric ammoniun sulfate solution and
back-titrating the excess ceric sulfate wit.h\ferrous ammonium sulfate t a
pink end-point.

Reagents and Apparatus:

1. Standard ceric ammonium sulfate solution - Dissolve sufficient
ceric ammonium sulfate in 2 N sulfuric acid to give a 0.05 N ceric
sulfate concemtration. The solution should stand about two weeks and
be filtered before standardizing.

2. Ferrous ammonium sulfate solution - Dissolve sufficient ferrous

ammonium sulfate in 2 N sulfuric acid to make a 0,05 N solution.
{

3, Dilute sulfuric acid. (2 N)
L. Ortho phenanthroline indicator - Dissolve sufficient ortho-phen~-

anthroline in 0.025 M ferrous sulfate to make the solution 0,075 M

in ortho~phenanthroline, Warm to dissclve.

5, Jones Reductor: Preparc as described in Procedure 7.1.
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Procedure: .

A, Preparation of the sample:

1.

2e

3

be

9.

Weigh the sample in the glass tube in which it is received. (See
Figure 1).

Place the. tube in a 300 ml. lipless beaker which contains about 5 ém.
of distilled water,

Break the tube by pushing a pointed stirring rod through the thin
glass face (A).

Add approximately 15 ml, of 6 N sulfuric acid and eyaporate to SO3
fumes on a hot plate.

Cool, and break the punctured sample tube about an inch from the
rounded end. Put the rounded end in the beaker and wash the other
end with the 2 N sulfuric acid., Discard the thoroughly washed end
of the tube.

Add 10 ml. of 6 N sulfuric acid znd zgain evaporate to fumes of SOB'
Cool. Dissolve the matcerial in 2 N sulfuric acid and filter into a
volumetric flask. (If the weight of thoe sample is less than 1.8
grams filter inmto a 250 ml, volumetric flask, If it is more than 1.8
grams filter into 2 500 ml. flask.)

Wash the paper with 2 N sulfuric acid and then make up to the mark
with 2 N sulfuric acid.

Pipette sufficient solution to contain between 180 mg. and 360 mg.

of T into a 150 ml. beaker,

Reducticn of T:

1.

Clean and activate the Jones reductor by passing 300 ml., of 2N sul-

furic acid through it. Add absut 200 ml. of water to displace the




a¢id in the reductor.

2. Carry out a blank titration as follows: ?2ass 150 ml. of 2 ¥ sulfuric
acid through the reductor followed by 200 rl. of water.

3. Determine the blank by adding 25-30 ml. of standard ceric ammonium
sulfate, 2 drops of atho-phenanthroline complex and titrate to a sal-
mon pink end-point with ferrous ammonium sulfate solution.

L. Carry out a second cross titration as follows: Titrate 25-30 ml: of
ceric ammonium sulfate solution in 150 ml. of 2 W sulfuric acid with
the ferrous ammoﬁium sulfate solution using 2 drops of ortho-phenan-
throline complex indicator as before.

5. Calculate the cross-titer values obtezined in (3) and (4) by dividing
the volume of ceric armonium sulfate used by the volume of ferrous
ammonium sulfate and compare the values obtained. If the cross-titers
éo not check within 2 .parts in 1000 repeat steos (3) and/or (4).

6. Reduce thc sample as before. Pass 50 ml. of 1N sulfuric acid through
the reductor. Then pass the entire sample containing T through the
reductor. Wash the beaker with two 25 ml. portions of 2 N sulfuric
acid and pour the washings throurh the reductor. 'ash tae beaker
with watcr and run the washings through reductor. Add sufficient
water to bring total water wash to 100-150 ml.

7. Alerate the reduced sample for at least five minutes to converter tri-
valent T (olive gfeen) to the tctravaient state.

Titration:
1. Add 3 drops of ortho-phenanthroline comnlex to the reduced and aerated

. sample., Add ceric armonium sulfate until the color changes and then

add about 1-2 ml. excess;
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2. Back-titrate to a salmon pink end-point and with ferrous smmonium

sulfate,

,

Calculation:

(A-B x cross titer) x Me x N x 100 =
w

percent T

A = nl, of ceric ammonium sulfate used.

B = nl. of ferrous ammonium sulfate used.

Me milliequivalent weight of T (0.119).

N « normality of ceric ammonium sulfate solution
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DETTMIN .TION OF C-A16 IN G-7L

Part B

Colorirctric Determinotion

This mothot is for thoe determinstion of C-616 in G=74. Part 4
ineludss “irections for taking the gas sample into 2 5 liter bulb;
Part B includes cdirecticns for the solution of C-616 in wator and
the ¢ terminetion of the Tng% ion colorimetrically; Part C includes

. . . s .
direcetions for the volumetric determination of the TO5"“ ion.

L. _morotus

. Sample 3Bulb -~ Firs liter sample bulbs fitted with adapters
=g snown in Fisure 1 are required. Cases are provided for the trans-
portntion of the bulbs.

B. Spectrophotometsr - « Beckman Soectrophotometer is used for

/

the deterrinrstion of TOzf% ion by the ferrocyanide method.

C. “hotosluctric colorimeter - 4 Cenco Shezrd-Sanford Photelometer
is usc) for the determinstion of TOz%% ion by the peroxide method.

I, Twacuoting Inifold - Capable of evacuating 5 sample bulbs
ot cnz time. Sce Figure 2.

i

~l. Heagents

Lo Ferroevnide swithod
1. TFornrte Buffer - Dissolve 4O grams of reagent grade NaOH
in 200 rl. of wetor. ¢ LAJL ml. of 87% formic zcid (3p. Gr.
1.20) 2 this solution., Dilute the solution to 500 ml. with dis-

£512 0 wet e, Choel the pHy it should he between 4.5 and 5.0,
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he mist is Jissolved. Open the stopeock ang ~llow the
Wulh o oenme to ntmossheric pressurc. Remove the adapter from the
bullh ~nd pour the scolution int» ~ clenn 250 mil. volumetric flask
(use - clurn funnel), Rinse the bulb with three more 50 ml. portions
il water.  Dilute to mark with distilled water. Wash a
clern bodtle with three small p.rtions of the sclution, discard the
wrshin=s, ~nd transfer the remninder of the solution to the bottle.
Tronsfor the strple t{g from the bulb t» the bottle.
2T In somo enses the rusount of C-616 in tho bulb will be
57 zrnll thnt it will be necesstry to evaporate the entire solution
to dryness.  Thoese samples will be mnrkuc EV"RP. in red on the tag.
B, Prennorotion of Buibs for Re-use

1. "osh the ground plass surfaces on bulb ~nd adapter with
earbon tztrachloride (or trichlcrethylone). kake sure thit the stop-
cuek s ticd to the adanter. Plnse the bulb and adapter three times
vith Siztilled water ~nd twice with ncetcone.

2. Plzee the bulb in the special drying oven for at least
“re. Welf onohour, During half of thils time <ry air should be
flodng into the wulb,

3. Ramove the bulbs fr- - the oven, greasc stopcocks and
ground glass joints with FFI grease an? fit adeapter to bulb while
the buib is still hot. The joints should have -nough grease so tha
eere will be nt streaks, but nst so much thot grease will get into

the nulb.
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L. Crens: the bll joint -+ith IFI grease and attach bulb to
snoeinl evacuntion line (sce Figure 2). Five bulbs mny be purged at
onz bine. Clsse velves 1 and 2, open valve 7 and any of valves 2-6

-

t-osrieh hulas e attached. Open the stopcocks on the bulbs. Turn

1 the vumn ond be sure that both pumps ~re operating. Open valve 8.
Olow ths bulbs te be numped until manometer reading is within 5 mm.
r Joss of the ~ny's corrected barometric pressure. The corrected
b remotric prossure £or the doy is found on chart in Room 15. Close
7 ant vmteh the monomcter severnl minutes. If there is no chahge

in the noncmcter roading contiﬁue with 5. However, if the minomcter
indentes o luo%, turn off v-lves 2-6 one ot ~ time until the leak
stops.  Hegressc the ground joints in the 1.aking bulb, pump the
syster »nd test for lenks agﬁin; Repent until 211 the bulbs are
tirht.

5, Ooen vnlve 1 =nd 21low dry G=74 to flow into the bulbs
urtil the roncomotur shows a pressure 20 mm,. above atmospheric.,

£. Close valve 1, open valve 7, »nd cnee again pump to a
veewur o f 5 rrm. or loss.  gnin close volve 7 and test the system
?or lunks by vetching the manometor for several minutes. Open valve
n' ~1low the -ressure in the bulbs t5 come to 20 mm. above the

~trosphoric wressure. Closc stopecck cn bulbs. Remove the bulbs

e $ T
from the L

j

ns ~n' place i carrying coses.

C. Detirrinotion of TOZ%% ion in solution

-

In order i+ determine which method »f analysis is to be used,

crrry out tho following tost. If the solution is definitcely yellow,
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~yelyze by ths peroxide method, If there is any doubt as to the
cilor of the solution, t{ke one “rop on a spot plate and add one
Jpon of soﬁium neroxise reagent. If a Jistinet yellow color is
pr*fuccf, an~Irze by the peroxide method. Otherwise, nnalyze by
forrocyonicds method,

1. P roxide lethod - (a) Rinse » 25 ml. pipette with dis-
£illed water, -1low to Jrain thoroughly, and then rinse with several
am:ll nortions of the snlution teo be anclyzed. From the pipette
monsurs £ 25 ml. portisn of the soluticn into a 50 mi. volumetric
flesk, =<0 15 ml, ~f SOt iun poroxide from a graduated cylinder and
Mlute the solution to the mirk with ¢istilled water. Mix the sol-
ution thoroughly.

(b) Rinse the Photelometor cell several times with small
=-rtions of the solution and t- n £fill the cell with the solution.
Uey cubside of ecll thoroughly with lens vaper and measure its
trensrdssicn ot 410 millimicrons (Filter ) against distilled water
with the Photelometor.

(¢) If the transmission reads less than 12% the sample
mﬁst be rerun with 2 smaller iliquot. Rinse a 10 ml. pipette with
stilled wetnr, 1low to drain thoroughly ~nd then rinse with
sever~l srall porticons of the solution to be znalyzed. From the
pipette memsurs a 10 ml. portion of the solution into a 50 ml.
volumetric flosk, ~ad abmt 10 ml. of distilled water and 15 ml. of

suctum perazids from o gradunted cylinder and dilute the soluticn to
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tho mork with Jistil 7 ad waters Mix the solution thoroughly and
rensl its transmission ot 410 millimicrons with the Photclometer as
~utlincgd cbove, If the tronsmission of this sample is less than 12%
L. adlicust must be used,

(@) From the same pipette used tc obtain the 10 ml.
arrml. mansure 10 ml. of the solution ints a 100 ml. volumetric flask
‘a7 Cilube A bho merk with cistilled water. Rinse the 10 ml. pipette
Wit distilled weter und then severazl smell portions of the dilute
sclution. From the pipette mensure 10 ml. of the diluted solution
ahoo ~ 50 ml, velumetric flnsk. -dd about 10 ml. »f c¢istilled water
anl 15 rl, <f sodium peroride oolutldn. Dilutec to the mark with
Aistilled water., 3ix thoroughly ~n: rend the transmission =2t 110
millimicrsons with the Photelometer as outlined above.

(e) The transmission used for fhe “etermination of the
rmount »f O=61€ in the water should be betw:en 70%- and 12%. From
the po~ cont tronsmission determine the mg. T present in the aliquot
by me~+= «f Pigure 3, Record the per cent transmission and amount
of ~licust in the log book,

2. Ferrocyanide Methec

If the solution is not yellow and does not give a yellow

spot test with s ium per;xide solution, use the following method:

(a) rinse 2 50 xl. nirette with distilled water ~nd then rinse w1th

scvurnl portions of the solution to be analyzed. Save the washings

for recovery in bottles provided. By moens of the pipette, transfer
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53 w1, of the solution from the bottls o a platinum ~ish. (If a )
nlatipum dish is nobt aveilable, o 400 ml. Pyrex beaker may be used).

(b) .0 3 rml. »f conc. H,80,, and svanorate to dryness on

on slictric bt nl-bo, using a-destos sheet thick cnough to prevent

¢) d2 3 more ml. of cane, Hy80y, . If the residue at
this noint is hrown or black nlso add 5§ to 10 drops porchloric zeid.
Tyenerote the snlution to dryness once more on the hot plate. IF
sresierie acl: has been added to the solutisn, add 3 more mi. of
HQSOL 7t evrnarete 0 dryness a third time,

(a) Dissﬁlve‘thc resiue in cdistilled water and transfer

tn a 50 ml. volumetric f Iesh the ish with several portions

!_.J

2istilled water ond filter throuph cuentitative filter poper
("rtron's 42 or 44) into the 50 nl, volumetric flask. Wash filter

ammer With severnl smnll nmortions of distilled water and dilute to

Tho rririowith Jdistilled wat r.
(¢) Rinsz » 25 rl, pinette with 2istilled water, drain,

rn rinse with two senll (nst over 1 mi. each) portions of the
uti-n. Tronsfer 25 ml, of the solution to a 50 ml..velumetric
Lrgw by omerns T ths oi-ette, Ade 10 ml, of distilled water from
2 burette.-nc then 4 xl. »f the formete buffer and 10 ml. of the
foerroeyanide. Dilute to the mork with distilled water,
() Pr;pare selution contzining 4 rl. of buffer and

10 =i, ~f ferroeyanice in ~ 50 pi. velumetric flask and _1lute to

Cistillses weter, This solution is to be used as a standerd ‘
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{g) Fill one 10 em. spectrophotometer cell with the
wnknown solution and another with the standard. Rinse the spectro-
photorieter cell several times with the solution used in it before
£i1ling. Drv the outside of the cell carefully with lens tissue
before measuring the transmission.

{(nh) Measure the transmission of the unknown solution
srainst the standard (prepared in f) using the Beckman Spectro-
photometer at a wave length of 525 millimicrons. Use the cells
naving 2 10 cm. sélution depth. (Note: Defcre use, the cells should
both be filled with distilled water and the transmission measured.
If the transmission of the cells is not the same, they should be
thoroughly éleaned with trisodium phoswnhate, rinsed and the trané-
rmission measured again); |

(1) Ir the transmission of the sample is less than 30%
the procedure should be renested using a 10 ml. aliquot. Rinse a
10 ml. »inette with two swall (not over 1 ml.) portions of the
solution in the 50 ml. volumetric flask. Pipette 10 ml, of this
solution to a 50 ml, volumetric flask. Add 25 ml, of distilled water,
L rl. of the formate buffer and 10 ml. of the ferrocyanide. Dilute
to the mark with distilled water. Measure the transmission of this
solution against the standard svlution in the manner cutlined above.

(3) If the transmission of the sample is less than 30%

the sample is rerun using a 1 rl. aliquot. Measure 10 ml. of

solution from the same 10 ml. pipette used above into a 100 ml.
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volumetric flask. Diiute to the mari with distilled weter. Rinse
the 10 nl. pipette with distilled water and several small portions
of the viluted solubion. beasure 10 ml. of the solution from the

winett: into a 50 nl. volumetric flask. Add 25 ml. of distilled

o)}

weter, 4 ml. of formate buffer and 10 ml. of ferrocyanide. Dilute
* 3 the marik with distilled water. leasure the transmissioq of the
solution against the standard as outlined above.

(k) The final transmission of the sample should be
Yetween 907 and 207, If the transmission of the 1 ml. sample is
less than 20% the sample should be rerun using the Peroxide method.
{ ™3

(Tis will not harnen if the- spot test has been properly carried

out). Record per cent transmission and alicuot in log book. From

the per cent transmission of the sample determine the mg. T in the _
aliquot from a curve similar to Figure L. (Figure 4 will vary with
different lots of ferrocyanide; therefore, it is neceséary that the
curve e checked with solutions containing known amounts of TOzf%
ton from time to time.)

(1) Samples which come from the Process Area with the mark EVAP.
in red on the tag shoﬁld receive the following treatment:

Extfact the sample from the bulb in the usual way, but collect
it in a 400 rLi beaker rathsr *ian a volumetrie flask. Add 3-4 ml.
of coane. HQSOA and evaporate to dryness on an electric hot plate,

using asbestos sheets to c-ntrol rate of evaporation. Add 3 ml.
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iove of cone, HZSOA' If the residue at this point is brown or black
alro add 5-10 dreps nerchloric acid., Evaporate the solution to drymess
once rare on the hot plate. If perchloric acid has been added to
tle eclubicn, add 3 ml. more H,y30, and evaporate to dryness a third
tirey
“ssolve the residue in 15 ml, of distilled water and filter through
cuartitative filter naper (Vhatman's 42 or 44) into a 50 ml. volumetric
flinsk. Wash the beaker and filter paper with four 5 ml. portions ofy
stilled watsr, Add the washingé to the origcinal solutions. Add 4
rl. of the forwrte buffer and 10 ml, of ferrocyanidé and dilute to
the mark with distilled water,

Yoasure th: transmission in the usual way with the spectrophoto-
ﬁater?

(2) Samples which are found to contain greater than 50 nol. per

cent O=G1lé should be run volumetriczlly by the method outlined in

Part T,
heaad 3 [

i’ ‘culations

m—

"rom Firure 3 or 4 determine the mg. T in the aliquot.

10 L. T 4m nld 220 = a i
(L, bg. T in aliguot F=F aliquot — total mg. T in sample
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Vol, *TP (in ml.)
(1) Lol. of Z;?h TP (inm = millimols gas

M1limols T x 180 _
(5) }fiﬁlimcls ras - mol. 4 C-616 in gas

Combining to one ecuation , '

\ X (¥e.T in a}j.gg_g%_)((%}f}),@jﬁ),(}%ﬁ).(?& 100)
(6) lol., % C~516 in gas = '%;Bi;“b} buib)(P)lml, aliquot)(273)(238

Combining all constants |

. _ (g, T in aﬁg_\;%%_%%ll..ﬁ.@..(é 0
(7) ol % C616 = vol. of bulk)(P)(rl.. aliquot

If total sample is analyzed

. _ (Total mg. T)(273 £ t)(zé,g)_
(8) lol, % C-616 = “(yolure of bulb) (F)

If sample is anzlyzed by the ferrocy:-nide method, the entire

semple evaporated to dryness and had a transmission of greater than
30%, calculate the result as though the transmission read 907 and. ‘
report the sample as less_than the calculated value. If the sample
is analvied by the ferrocyanide method and the 25 ml., alicuot has a
transrission greater than 90%,,. evaporate a 150 mi. portion of the
samplc to drymess and run the determinztion on the evaporated solut,ion'
in the same way the solutions marked EVAP, are run. If the trans~—
mission is still greater than 90%, follow tr}e procedure outlined a.bove{,'
Report only two significant figures. |

Table 1 shows the anproximate range of both methods on the assump=-
tion that the volume of the sample is 5 l., the pressure 150 mm. and
the temperature 30° C. This table will serve as a guide to what can

be expected from the method.

o
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In some eases there mav be a question as to the chance of con-
Jensation of C-4l6 in tre hulb. By referring to Figure 5 one may
determine whetler condensation will take place, Use this grapn in
the f.ilow!'ng narner. Follow the temmerature line whiéh is closest

te tte temperature of the bulb until it intersects the pressure of
“h: nudb (on norizontal axis), The mol. % of C-616 shown on the
verticel axis at tix's point is the maximum amount of C-616 which can
exist ’n the bulb withéut condensation at this temperature and pressure.

If the mol per cent C-616 found is greater than this value, report

thuat whe value is greater than the value indicated on the curve.
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0. (Corr. Vol. = 900 .ml.)

Ferrcevanice iothod

14 nd rum I nximam Range (mg.T)

: ) : Ve
liowst (s1.) Lol % G=616 ol % €616 Lim... fZRe

Diluts snmple A
to 50 l. 3 x 1074 0.005 0.03 0.47

23 0.003 0.05

0.3
] 11.80
10 0,008 0.13 0,75 .
1 0.08 1.3 7.5

Depoxide Mithod

g 50 550
8 125 1,375

10 1

i 13,0 118.
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DETFRMIN'TION OF C-616 IN G-7h

Part C

Volumetric Determination
™iis method is for the determinstion of C-616 in G-T4. Part ..

ineludes directions for taking the gas sample into a 5 liter bulb;
Part 3 includes directions for the solution of C-616 in water and the
dzhormination of the Toz%% jon colorimetrically; Part C includes

4

irections for the volumetric determination of the T02 ion.

1 Lopar
A. Joncs Reductor - The usual form of the Jones reductor is used.
Care must be taken that the reductor is alweys kept full of water

when not in use.

II. Reagents

I

., /imalgam for Jones Reductor - To 100 grams of 20-30 mesh zinc add
170-150 mil. of 2% mercuric chloride and mix well. Wash with distilled
water until washings are clear, Do not expose to air.

Aol

o, 2% Yercuric Chloride - Dissolve 3 grams of HgCly in 150 ml. of

distilicd water,

‘C. 3:2Y Salfuric ‘cid - To 900 mi. of distilled water add slowly 45
ml. of cone. sulfuric acid. |

D. 1 3 Ferric Ammonium Sulfaté - Diésolve 482.19 grams of Mi, Fe
(0,).12 Hy0 in distilled water and dilute to 1 liter.

E, 0,100 N Potassium Dichromate - Dissolve h.90h‘grams of dried
analytical reagent grade»KZCr207 in water and dilute to 1 liter in a
volumctric flask.

F. Diphenylamine Sulfonic icid - Dissolve 0.32 grams of barium di-

phenylamine sulfonate in 100 ml. of distilled water and 1 mli. conc,
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sulfuric neid. ~llow przcipitate to settle and decant. Use the
clesr liguid.

I11. <rocedure

[y

.. Hun < blank with-the reductor in the following manner:

1. Prgs 170 ml. of 1:20 stoh through the reductor and follow
“his with 100 ml, of distilled water.

2. spirst. air through the sample for ten minutes,

3. «dd 5 mls of ferric smmonium sulfate and 1 mi. of diphenylamine
sulfonic acid insicator. Titrate the solution with 0,100 N potassiuin
“ichror-tz added frorm a micro burette until 1 drop turns the solution
purplz. This titration is the blank for the reductor and should not
be greater than 0,2 ml. If the blank is greater than this, wash the
reductor with 270-300 ml. of 1:20 HZSOA and repeat the blank.

8, Ditormination:

l.. Pipctte an »liquot containing 40-80 milligrams of T into
v elem: honker.  (The ~mount of aliquot to be added may be determined
rron results in Part 3.),

2. =dd 100 mi, of 1:20 H2SOA and pour the solution slowlyvthrough
ths Jonuss reductor,

3. Yash the benker ~ndé reductor with 100 mi. of distilled water.

4. -spirzte oir through the sample for ten minutes.

5. «dd 5 rl. of ferric ammonium sulfzate solution and 1 ml. of
dinhenyiomnine sulfonic acid indicator.

6. Titrrte to the ~ppearance of a purple color with 0,100 N

vobassium dichromete added frorr & micro burette.
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. Golenl-tions

(v, K20r207 for sample - ml. K20r207 for blank) = net ml. K20r207
{net rl. KoCroOn) (11.9) = mg. T/~liquot

Tpor ths “mount of T found in the aliouot, the mol per cent of C~616

in tie bUlB can be enlcul<ted by the ecuations given in Part B.
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I. Operating Procedure

1. Connect plugs (a, b, and c) to motér, globar, and galvanometer
of the gas analyzer. See F‘igu}‘e 1.

2. Adjust the variac comnected to the globar source between 35 and 40
volts. Vhile the globar is operating, keep it water cooled.

3, Comnect the 6 volt storage battery to the exciter lamp. Rotate
batteries every da;y'.

L. Keep the stopcock between the two detectors open except when taking

readings. See Figure 3. Shield the detector unit from drafts and strong

heat sources.-

5 The deobase drop in the cuplllary tube should be between 6 and 7'
‘ units on the scale in the detector unit. xd,just the drop bY opening the
stopcock and leveling thé detector by means of the leveling screws. See

Figure 3.

\

II. Détermining Dead Zone at. Balance Point

1., Place an evacuated absorption cell in &¢he gas anzlyzer.

2. Tirn the shutter knob until shutter is open (Figure 2).

- 3, CIbse the stopcock (Figure 3) and turn the galvanometer
_control knob to 1/k.

4. Read the deflection on the nganomter and record the results..

5. Open the stopcock (Figure 3) and turn off the gﬁ.lvmnometer control.

6. Tarn the shutter knob (Figure 2) counter-clockwise by quarter
turns and by following steps 2, 3, and A4, record galvanometer deflgctions

. until the deflection is zero or begins increasing greater than the pre-

vious reading. This is the. zero point.
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7. After roaching the zero point, turn the shutter knob clockwise
until a deflection of 20 to 30 mm. on the galvanometer is read for the
evacuated absorption cell. The shutter opening will remain the samo

for all sample readings while the absorption cell is used.

ITT. imalytical Procedure

1. Check the ihstrument to be Sure it is in operating condition.

2. Evacuate the absorption cell in the transfer system, and after
evacuation, place in the gas analyzer, close detector stopcock, turn the
galvonometer control switch to 1/L, 21low time for 4 or 5 galvanometer
deflections, and record 5 deflections of the galvanometer readings to

within the nearest half millimeter.

3., Open the detector stopcock and close the galvanometer control
switch; |

L. Aiverage the results to give the vacuum deflection.

5, Transfer pure C-616 to the absorption celi in the transfer
system to 8 cm. Hg pressure.

6. Place the absorption cell conmtrining the standard or pure C-616
in the gas ahalyzer, close the detector stopcock, turn the galvanometer
control switch to 1/4, and after allowing.time for L or 5 deflections,
record 5 deflections of the galvanometer.

7. Open the detector stopcock, turn off the galvanometer control
switch, and evacuate the absorption cell in the transfer system.

8. ‘wverage the deflection readings to give standard deflection.

9. Repeat Steps 5 through 8 with the sample of C-616 to be

analyzed to get sample deflection.
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IV, Msthod of Calculation

Vacuum deflection # sample deflection

= ratio
. Vacuum deflection # standard deflcction ra

Referring to chart, the per cent FC can be found.
V. Sample Calculation

Vacuum deflection - 25,0 mm,
Standard deflection - 31,0 mm.
Sample deflection -- 40.5 mm.

2500 7‘24-0‘6 6 06 -
S0 - se =1

~

From the chart, when ratio is 1.16, the per cent FC is 0.0l4.




cH’RT FOR DETZRMINING % FC

Ratio Ratio Ratio Ratio
of of of of

Deflect % FC Deflect % FC Deflect &% FC Deflect % FC
1.00 0,000 1,21 0.018  1.42 0,036  1.63 0.058
1.01 0,001  1.22 0,019  1.43 0.037 1,64 0.059
1.02 0,002  1.23 0,009  1.44 0,038  1.65 0.060
1.03 0,003 1.2 0,020  1.45 0.039 1.66 0,061
1.0 0,004 1.25 0,021 1.46 0.040 1.67 0.062
1.05 0,005 1,26 0,022  1.47 0.041 1.68 0.063
1,06 0.005 1.27 0.023 1.48 0.042 1,69 0,064
1.07 0,006 1.28 0.02, 1.49 0.043  1.70 0.065

1,08 0,007 1.29 0,025 1,50 0.0, 1.71 0.066
1.09 0,008  1.30 0,026 1.51 0,045 . 1.72 0,068
120 0,008 1.3 0,026  1.52 0,046  1.73 0,069
1.11 0,009  1.32 0,027 1.53 0.047 ~ 1.74 - 0.070
1.12 0,010  1.33 0,028  1.54 0.048  1.75 0.071.
1,13 0,011 1.34 0,029  1.55 0.049  1.76 0.072.
1.1 0.012  1.35 0.030  1.56 0.050 1,77 0.074
1.15 0,013  1.36 0,031  1.57 0,051 1,78 0.075 .
1.16 0.014  1.37 0,032 1,58 0,052 1,79 0,076
1.17 0,014 1.38 0.033 1.59 0.053 1.80 0.077
1.18 0,015 1.39 0.034, 1.60 0,05, 1.81 0.078
1.19 0,016 1.40 0.035  1.61 0,055  1.82 0.079
1.20 0,017 1.41 0,035 1.62 0.056 1.83 0,081
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2.6 (b)

Transfer System for Determination of FC in C-616

Refer to Figure 1.

Y

L

54

9.
1C.

11.

Fill duw~r flasks with tri-chlor-ethylene and crushed dry ice
mixture. |
Start the motor to the pump. ‘
Attach absorption cell (1) and sample cylinder (5) to the transfer
system.

Beginning from the pump, turn on velves (12) and (11) or (10)

and (9), (depending upon which cold trap will Ee used); (8);

(2)5 (3); (4); (1), Keep valves (6); (7); and (5) closed.
Evacuate the system until the manometer gives a differential
reading of zero.

Close valves (1) and (2) and remove'absorption'cell for an

evacuated reading in the gas analyzer,
After recording the evacuated reading, attach the absorption

cell to the transfer system and open valves (2) and (1).

After the system has been evacuated, close valve (4) and adjust
the manometer, by meahs of the stopcock, to the pressure desired.
For FC anzlysis, the pressure should be 8 cm of Hg,

Turn on the switch to the standard RCA electron ray tube,

Close vaive (8) and open valve (5) slowly. |

By observing the electron rzy tube, keep valve (5) open until
the light begins blinking. When this occurs, close valve (5)
immediately. Then -close.valve (1) and open-vilve (8};. When

the system is completely evacuated, close valve (8) and valve

(2) and remove the absorption cell for = deflection reading

of the sample in the gas analyzer.
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' NOTE: By manipulating valves (5) and (8) and watching the
electron ray tube, the pressure in the absorption cell can be

controlled within 8 cm of Hg £ 2 cm,

PRECAUTIONS: -
1. Keep Qalve (4) closed at all times except when running
anaévacuatgd reading for the absorption cell,
2+ Keep the transfer-system free of moisture. This can be
done by flaming the entire transfer system while evzcuating

it or keeping the system filled with dry nitrogen when

ramoving the absorption cell, sample e¢ylinders, or chang- ,;
ing cold treps. . ’ %;
3. Always keep the valves closed on the cold traps when.not ;é
, in use, Be sure thet the dowsr flasks are filled with %?
¢ o

“trichlorcthvlcne dry ice mixture before using them.
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3.1

GENFRAL TNFOREATION

Sampling Section

T. PFanctions

This section is set up to handle a chemical known under the code
rese of C-616. The operations carried on by this section are:

4, Obtaining samples of C-61% in special containers for freezing
soint determinations and other control analyses by other groups.

B. Determining'the purity of C-616, by determination of the
freezing point. |

€. Hondling the transfer, removal, or collection of C-616, as a

service to the rest of the laboratory and other groups throughout the

plant,

TI. Prooerties of C-616

There are three sub-classificatioﬁs of C-616, known by code as,
Nii;, EBY, and DBM, For our purposes these three types are identical
in ohrsical and chemical pfoperties.

The chief properties of C-616, relative to our work with it, are
as foliowsg:? |

A, TFreezing point of the pure substance is 64,050 c.

B; Freézing point lowering is 0,067° C. per 0.01-weight per cent

of HF, which is the most common impurity in C-616.

C. Both the solid and liquid have an appreciable vapor pressure.

The vapor is a colorless heavy gas.
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Temperature Deg, I,

a0
1323
7 (.2.)
212
220

Vapor Pressure -
Lbs,/sa. in. absolute

3
15
22
60
70

Critical temverature - 232° C,

Critical pressure -

Srecific gravity of solid = L.68

Snecific gravity of liquid = 3.67

50 atmospheres

2616 is a highly corrosive substance. There are few

r aberials inert to it.

L
5.
€.

It will react with water to form HF and a yellow, water

goluble, non-volatile solid.

Tt is not a stable compound and is easily reduced.

%-

3.1

duction of C-616 results in a green, water-insoluble, ncn-

volatile solid.

Tt will react with oils, greases, rubber, and any organic

materizls, with the exception of certain saturated fluoro-

anrhons.

it w11l corrode most metals.

It and its products of hydrolysis are highly poiscnous,

It ~ill react with hydrogen and oxygen but is inert to

nitrogen,

L Menepal Princinles Repardine the Transfer and Sampling of C-616

The transfer of C-616 from one container to another may be effected

by gravity flow in the liquid phase or pressure differcnce in the vapor

nhose.
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The latter is the method customarily employed by this section. In

very general terms, it consists of increasing the vapor pressure of the
contents of the contalner from which material is to be removed, by
raising its temperature, and decreasing the vapor pressure of the con-
tents of the container which is to be filled, by lowering its tempera-
ture. "ith proper plumbing connecting the two, the flow of C-616 from
the hot container to the cold container will then ensue.. However,
because of the reactive and poisonous nature of C-616, its transfer
entails more than just that. The following rules govern the construction
and use of any system carrying C-616:

A. Vacuum system: Any system or part of a system through which-

C-616 vwill flow, must be completely evacuated before introduction of

B. Dry and Outgassed System: Any newly const;ucted system must
be compietely dried and-"outgassed" {removal of absorbed gases) before
use, by hecting tubing and empty containers and traps, while pumping
on thenie

C. Leak Tight System: Any system through which C-616 will flow
must be leak tight, éo th;t there is no flow of air from the atmosphere
imo the system while it is in operation. If air does leak into the
lines, it will slow or stop the transfer. Also, the moisture in the
air leaking in will hydrolyze the C-616, depositing the non-volatile
solid procuct, which ultimately will plug up the tubing. For this
reason a system must be leak-tested before each use in the following

manner!
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1. Zvacuate the sjstem.to a vacuum of 30 in. of Hg. (If
such a vacuum carmot be obtained, that is already an
indication of the existence of g leak in the system).
2. Shut off the part of the system to be tested from the
purp by closing the avpropriaste valve.
3. If there is no increase in pressure in fhe system within
fifteen minutes, it may be considered leak tight.*,
De Traps
‘1. Cold traps: C-616 will react with the standard oil used
in a vacuum pump, résulting in the formation of a sludge,
which ultimately ca .ses the failure of the pump. Also,
C-616 is an expensive chemical and it is desired that.its
loss be xent to a minimum. Therefore, it is essential
that no C-616 be allowed to pass through the vacuum pump.
This is effected by having a cooled container of trap in
which the C-616 is condensed, before the gases reach the
pump. A section of a typical trap irmersed in a cold bath
is shown in Figure 1.

2. Chemical Trap: The simple cold trap, cooled in a trichlor-
ethylene dry-ice bath is not one hundred per cent efficient
in condensing C-616, In addition, HF, which is the most
cormon impurity in C-616 and just as damaging to pumps as

C~616, will get by the cold trap in greater part. It is

* See section VII for methods of locating leaks.
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12.

gradually along the tubing,
always following the vapor
ring that will form on the
tubing just ahead of the
flame., It is unsafe to heat
the lines so that they become

uncomfortable to the touch.

. Close valves 3 and 2.

Wait for about ten minutes.

If system is leak tight, open
valves 3 and 2,

Close valves 10, 11, 12, 13,

14, and 15.

345

heated by the torch. If the

. operator, for exampls, flames the

10.

11.

U-tube first and there is some
material plugging the line between
the 7 and cold trap, a pressure

wili e built up.

The system is now being leak
tested. If valve 3 is gas tight,
then it is not nscessary to close
valve 2.

If after a ten minute wait thé
gauge still shows a vacuum of
about 30 inches Hg, ,proceed with
the sampling. However, if the
gauge -has dropped during the ten
minutes, locate and remedy the
leak before continuing. For further
procedures in»leak testing, see
Section C, below.

%he sysﬁem is opened to the pump

and thoroughly evacuated.

12. The Hoke tube valves are closed

at this time to prevent any non-
condensibles present in the Har-

shaw from collecting in the tubes,
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E.' Romoval of Hydrofluoric icid in Sampling: The most common
impurity of C-616, as zlready mentioned, is hydrofluoric acid. In
sampling work, unless othervise requested, it is reguired that the
sampics be as free as possible from HF, (The HF content is already
known from freezing point detcrminations.) The fact that a dryhice:
‘trichlorcthylonc bath is not cold enough to condense HF out of a |
vacuwu system, but cold enough to take out the C-616 is utilized in
obteining samples as free from HF as possible.

The sampling systems are built with a U-tube section between the
sample receiver and the container from which the sample ié to be taken.
The U-tube is cooled down by imrersion in a dry-ice trichlorethylene
bath, and as the C-616 flows out of the container to be sampled, it
is condenscd in the U-tube. The tube, however, is open to the vacuum
pump, so that the HF is pumped off from the coﬁdensed C-616. "hen it
is judged that a sufficiently large quantity of C-616 has been collected
in the U~tube, the valve on *he container is closed, and pumping is
contimicd for several minutes. The length of time required for this de-
pends upon the purity of the material being sampled. The pump is then
shut off from the tube by closing the proper valve, and its contents
transferred to scmple tubes, by heating the U-tube and cooling the
sample receiver in liquid nitrogen. The sampling procedufes give the
details of this overation, as applied in any particular system.

F. Shutting down & = System:. Before shutting down a system or
opening it to the atmosphere, (i.e. when containers or tubes are being

changed or removed) the following rules must be observed:
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1. The tubing must be completely pumped out of all C-616.
with the valves on all containers, sxcept traps, closed,

the lines are evgpuated while being heated*, until all

C~616 prescnt is removed. This is checked by shutting off

the pump line to the syétem, and observing the gauge over

a period of five minutes. If the pressure starts building

un, the presence of C-616 in the lines is indicated. If

ths pressure remains unchanged at 30 in. of Hg vacuum, the
tubing may be considered free of C~616.

2. A1l valves on traps must be closed before £he system is
opencd.

3. On systems where a dry nitrogéh line is provided the best
procedure is to fill the lines with nitrogen at slightly
more than atmospheric pressure, (about one p.s.i.g.) before
opening system. This prevents wet air from entering tube
while the system is open.

G, Warming of Velves and Tubing? To prevent condensation of C-616
in the tubing or narrow passages in the systems, such as in valves, and
somc fittings, and to improve the conditions of transfer, it is best to
kcep the lines and valves, including those on containers and traps,
neated. This is generally accomplished by use of calrod or insulated
nichroﬁe wire, or by use of infra-red lamps. The power input into the
neating ¢lerments must be controlled, so that the system never gets

warmer than 60-65° C.

IR VUS4 SR T

w Y. F __on VITT on safity precautions, in regard to heating tubing

P R T e




IV. Bouipment and Materials

A, letals
C-616 will corrode most metals. The reaction of C-616 with

some metels and alloys, such as nickel, monel, copper and brass, however,
deposits an inert impermeable coating of the metal fluoride on the metal
surface, sealing it off from further attack by C-616., Thus, on any
system, or part of a system, which is to carry C-616, only nickel,
monel, copper, or brass are to be used. The metal fluoride protective
coat is hygroscopic; therefore wet air should be excluded from the
system, even when it is not in actual operation. This is the reason
for thé policy of filling = system with dry nitrogen before opening
it to the atmosphere. | | .

B. Pumps

This section makes use of two makes of vacuum pumps:

1, The "elch pump: This is an oil-sealed positive displace-
ment rotary pump, manufactured by the M. M. Welch Co. It
comes in two small sizes, neither of which are suitable
for large capacity systems.

The level of the oil in the Duo-Seal pump must be main-
tained at the height marked on a small glass window on
the side of the cil chamber. The Welch Co. sells the oil
+o be used in these pumps, but, if Duo-Seal oil is
unobtainable, S.A.E. #30 oil may be uséd. Where a pump

is in daily use, the oil should be drained out of the

chamber and replaced with fresh oil at least every three .
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weeks. If the drained oil is particularly dirty and
discolored, it is best to wash out the chamber with
pump flush-oil before refilling.

If sufficiently large quantities of C-616 and HF

pass through the pump, the result is an accumulation of

sedizent in the pump oil. In time this causes the re-
sistance of the purp parts to motion to become so gregt
that the motor is no longer able to operate the pump. A
pump is said to tfreeze™ when this occurs. It can easily
be ascertained as to whether,£he fajlure of a pump is
due to freezing or to motof trouble, by trying to turn
the pump wheel by hand, with the power shut off, If it
can not be‘rotated; the pump is frozen.
The Kinney Pump: This is a vacuum pump of much larger
capacity than the Duo-Seal pumps, and is used on large
transfer systems. It has a large oil chamber or reservoir
with an oil circulation system and a water cooling system.
Because of this a definite procedure has to be followed
in starting up or shutting down a Kinney pump.. ‘“hen the
system is ready to be put into operation, the Kinney Pump
is to be started up in the following manners:
(a) To Start up Pumps (1) Open valve wide on water linef
Check for vigorous flow of water by observing flow from
outlet pipe in sink,_.(z) Switch pump on (it takes 220
volts to operate the Kinney pump, 60 the pump is connected

to the power line with a special switch box)e (3) After
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waiting about a minute, open the thrée oil systems
valves .:

(b) To Shut Down Pump: (1) Shut off oil valves. (2)
Immediztely shut off power. (3) Shut off water flow.
General Notes on the Use of ?umps

(a) "henever a pump is shut off with its intake side
remaining under vacuum, there is a tendency for oii to
be sucked into the system because of the higher pressure
on the exhaust side. This is obviously undesirable; so

systoms are constructed in such a way that air may be

introduced into the intake line of the pump, after it is

shut off, without the air getting into the traps or the
'rést of the systems

(b) Changes of oil and drive belts on Duo-Seal pumps
may be made by this section. However, all othcr repaifs
to vacuuin pumps, including change of oil or belt on
Kinney pump, are the responsibility of the Vacuum Pump

ShOp »

C. Vacuum Pressure

1.

Gauges

The pressure measuring instrument generally used by
this section is a Bourden type gauge, with a range from
30 in. of Hg vacuum to 15 pounds per square‘inch above

atmospheric pressure (pes.i.gs). For use with C-616 the

gauge must have a bronze tube, ‘
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Mercury manometers, unless used in conjunction with special
pressure transmitters, are not suitable for use with C-616,
since mercury is not inert to C-616.
3. Valves - Notes on Use and Installation

1. Kerotést
(a) This velve is received from the manufacturer with a
fabric seat, which is highly reactive to C-616. A copper
seat on a monesl stem, or a seat of D-29 impregnated with
L0 per cent Cu, must be installed in place of the fabric
seat before this new valve is put into use.
(b) Tae valve comes with either thread or solder connections
for installation into a system. If the valve is to be
soldered into place, the bonnet, diaphragms, bushing,
spring, stem and copper gasket must be removed from the
cell body before the soldering is done, Sdtherwise
damage to valve may result.
(¢) The valve should be installed sb that the high
pressure side is against the seat. Installation of the
valve should always be made accordingly, so that the
high pressure will not be-on the diaphragm.

2, Crane and Hoke.Valves
These valves are soldered in assexbly so that the seals

are not removable; therefore, when any soldering is done on

’ these valves, they must be cooled by immersion in water or by

wrapping in wet asbestos.




3.1

F. Gaskets
The ordinary type of gasket made of rubber or fabric will
o corroedzd by C-A16. FEither an annealed copper gasket or one
.oae of a specinllv designed plastic called D-29 which is‘inert
to C-616, must be used on C-6l6 systems.
F. Containers
1. Harshaw cell:
This container was specially designed to hold the sample
on which frcezingApoint determinations are to be made.
Its important features are shown in Figure 3.

2. Hoke Sample Tube

Tais container is designed to hold 2 small amount of
sample for quality assay. A drawing is shown in Figure L.
Yaximum safe load is 4-5 grams.
3. B-Cylinders

These cylinders stand about two feet high and are about
7" in diameter. They are used by this section as storage
containers for C-616 emptied from Harshaw cells, traps,
and other small cells. They are fitted with Chlorine
Institute valves. The capacity of a B-cylinder is about
50 lbs. _

" 4. Other types of cylinders are occasionally handled, and
the safety load limits of these must be known before

filling,

G. Dewars

1. Glass qr thormos bottle type

2. Llarge metal dewars
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These are used to hold the coolant for B-cylinders or
large traps. They have thin inner walls and a heavier outer
jacket, with a valve outlet to the air space in the jacket.
The jackets are evacuated to provide thermal insulation,

The containers used in these dewars must not be allowed to
rest on the bottoms, which are very thin. Re-evacuation of
the jackets may be necessary from time to time.

7. Zoguernce of Onerotions

A. If the 0-616 lot is received in any container other than a
Harshaw cell, the first step is to obtain a 3-5 pound sample in
a Harshaw cell, unless it is a special case where no freezing
point determin~tion is needed.

B, Freezing Point Determinations: This must be done before

samoling. It can be readily seen that a vapor phase sampling
may be considered as a distillation, and as such would result

‘n a change in composition of the qontents of the cell that is
s;mpled.

C. Assay Sampling: This includes sampling for quality assay and
chemical assay.

D. F..C. inclysis: Sampling for this anelysis is done by a
secticn in Room 17 and may be done prior to assay sampling, if
necessary. |

B, Emptyiﬁg of Harshaw Cells: After completion of C.A. analysis

. by analytical services group, the contents of the Harshaw cell

are emptied into a B-cylinder.
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. Scwarstion of Grades of C-616

=

i

The three goneral grade of C-616, as previously mentioned, are
DB, MBI, and EW'; these in turn are further subdivided, cach sub-

division representing some particular isotopic ratio.

those grades, snd subdivisions of grades, of matarial separate. This
is done by using different traps and receivers for different grades
of (-Alb, alwavs using the sarc trap and receivers for the same grade.
Hydrolyzed (~616 must 21so be separated according to grade of
iraterial in solution,
If a2 trap is to be used for a grade different from the onc for
which it has been used, it must be thoroughly out-gassed, washed,
dried, and then reconditioned with C-216 in order to restore the pro-

toebive metal fluoride coat to the inner surface of the trap.

vIT. Look Tusting and Location of Leaks

4, Thore are several methods for loceting leaks in gas systems.

The methods'commonly cmployed b this section are the only ones dis-
cusscd bslow:
1. Change in Loak Rate bicthod
After a leak rate has been taken on the system, the sus-
pected joint or fitting is covered with Apiezon-Q (a black
élﬁy~like mterial) making an air-tight seal over it., The
system is then evacuated, and a leak rate again taken,

If there is no leak this time, it is obvious that the given
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joint was the souce of leak. If the system still leaks,

but at an appreciably ~slower rate, then the given joint

was only one of two or more leaks. Suspected sources
of leaks are thus sealed, one at 2 time, with Apiezon—Q,‘
and luak rates checked, until the actual source oOr
sources of leaks are found as indicated by a change in
the lezk rate.

Apiezon-Q is not to be used to make a leak-tignt

 system. It has & low melting point and is not inert to
C-616. . After a leak has bcen located the Apiezon-Q
should be removed and the lezk repaired,
2. Soap Bubble Method
The part of system suspected is filled with dry nitrogen
at about 15 p.s.i.g. and the pressure is maintained ﬁy
kecping o constant inflow of gas from the nitrogen cylinder.
A bit of soap solution is then brushed on possible leak
sources. The formaticn of soap bubbles at any point, indi-
cates 3 flcﬁ of gas from the system, and thus the source of
the leak. _

If the leak i cuite large, brushing with soap solution
may be unnecessary, for the gas will probably lesak out With
an audible hiss.

B. Certain types of fittinrs on parts of systems are more likely

‘ to lcak than others. The following is a list of the most common

sources of leak?®
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l. Bad flore connections

2. Bad raskets in adarters and couplings

3. ZLoose bonnets on valves

L. Bad solder joints

5¢ Defeétive or collapsed tubing
C. Leaky Valve Scat

The aforementioned techniques of leak testing will not re-
veal a leak across a vnlve seat, To determine whethor a valve
in a system seats tightly, it is necessary to have a sizeable
pressure difference (at least lsﬁp.s.i.'is best) between one
side of the closed valve and the other; if the pressure difference
is maintoined the seat is tigk}t. ‘
.D. . Spparent Leaks

It may occur thnt a system appears to be luaking and yet no
lcak can be found. Often in such an event there is no actual
leak; one of the containers on the system may be leaking_across
the velve seat, or condensed C-616 in the lines may be vaporizing.
- The vapor pressure of C-616 at room temperature is approximately
25 in. of Hg vacuum. Thus, if the pressure builds up from 30"
of Hg vacuum to about 25" of He vacuum and stops there, it is a
good indication that C-616 is present in the lires or is passing
through & loaky valve on a cylinder.

Note that 2 good indication aé to what to look for in leak

locating, is the point at which the pressure comes to equilibrium. ‘

For exnmple:

1. If the pressure in the system returns to zero (atmospheric

 pressure) then it is a leak from the atmosphere. °

R IR
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2. If the pressure comes to rest at approximately the vapor
pressure of C-616 for that temperature, it is a leak
through a valve on a container, or mterial in the lines.

3, If eguilibrium is reached at a pressure othcer than that

¥ ]

listed in the preceding two, it is a leak through
closed valve, from part of the system which is at a
different pressure from that part which is under test,

¢.g. leaky valve on dry nitrogen line.

72T, Tenernl Precautions and Safety Hagards

Tt is not the intention here to consider or review the genera
safety rules that are in force for the plant and laboratory. It is
assumcd that the operator has z general knowledge of the hazards
oresent in any laboratory, and has been informed of the laboratory
+ules. The hagards and safety measures discussed here apply speci-
fienlly to the type of operations carried out by this sampling group.

2. The vapor vressure of C-616 increases very rapidly with
inere 2 of temperature above its melting point. If a container
of C-616 of the tyme or types generally used is heated much above
2000 T., there is danger that the resultant pressure may excced the
load thot the container can withstand, resulting in its buf#ting with
explosive force. For this reason, wﬁen a container of C-616 is
+5 be heated, it should be done either in a hot water bath, or a
thormostatted oven set et not over 100° C. Also, when it is necessary

to flame tubing that contzins, or is thought to contain C-616, the
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policy is not to heat the tubing hotter than the hand can stand.

B, (~616 expands on liquefaction as indicated by the data on
specific gravities. Since cylinders filled with C-616 are usually
hented above the melting point in the process of transfer, it is
obvious that no cylinder should be filled, by vapor phase transfer,
with so much C~616, that when liquefied the volume would be greater
thon thot of the cylinder.  Thus, the rulé is that no contziner should
be filled with solid C-616 to more than three—guarters of its total
volume canacity, The maximum safety loads designoted for containers
discussed in the preceding sections, reflect this ru;e.

C, (=616 may condense, during transfer in a narrow passage in

o valve, fitting, or section of *ubing, and form a solid impassable
olug. Thc most convenient and best means of removing the plug 1is to
revapofize the C-616 by cautiously flaming the site of the ﬁlug, while
~umping on it. If ths plug is extensive, it is obvious that the best
nrocedurs is to start flaming at the pump side of plug and slowly
progfcss to the opposite end, »

It should be noted that this epplies to a plug of solid C-616
snd not one of hydrolyzed materiai, resulting from 2 leak, A plug of
hydrolyzed T-616 is non-volatile and cannot be removed by flaming
and pumping.

D. C-616 is a colorless gas. However, when it comes in contact
with the atmosphere, hydrolysis tékes place, so that finely divided

products of hydrolysis are observed as white fumes. These products .
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of hydrolysis arc ecuslly ns corrosive to orgenic tissues as C-616,
crusing rosniratory irritation and severe skin burns on contact.

it is extrenmely imposotant that great care be exercised in
i oouration of a C-616 system, so thot no C-616 is allowed to leak

out of the svstem or containers.

;
o]
8
O
&

"Men a large leak or break in a system occurs, there
denger to the operster but to everyone else in the room. The irmediate
supzrvisor mist be ;gggégglx,informed, in sucﬁ an event, so that he may
irmedistely take the necessary steps to rectify the situation.

E. If trichlorethylene and dry ice are mixed rapidly in large
quantities, violent ebbulition will result, with the usual conse-
guence that.a good port of the mixture ﬁill overflow the dewar and
snill out on the boneh nnd surrounding equiprent. Addition of
frichlorethylszns to dry ice and vice versa should be done slowly
~ngd cautiouslyi

7. Tricnlorsthylene is a cumuletive poison, and may be fatal
4o ~n individval inhaling the vnpors continually in concentrations
rar 200 parts‘pef million. Therefore, care should be taken that
when meking up the cold baths, or when working with trichlorethylene
for any other renson, that as little of the vapors as possible are
inh:led.

G. Trichlorethylene on hot copper or nickel yields phosgenes
Do not fleme eny copper or nickel tubing that is wet with trichlor-
ethylene. A case in point is the flaming of the U-tube after it has

Lien immersed in dry ice—trichlorethylene baths The U-tube should be

warmed with hot water rather than a torchs
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. Class dewars becouse of the vacuum jacket break explosively.
To orevent the glass from flying about when a dewar shatters, the
extsrior glass surface of ~11 dewars should be bound with friction
tave. Yo dewar should be mut into use unless properly taped,
I. The breaking of radiant or infra-red lamps also results in
Tlying slass. It is not feasible to tape these, so extra care must
be used in handling thems . drop of water on such a lamp, or the

siiphtest contact with a cold surface, will shatter the lamp when

it is hot.
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MOBILE SAIPLING FOR LARGE STORAGE DRUIS OF C-616

Vapor Phase Transfer

Samples weighing from 2-1/2 to 4 pounds are needed from 4500 1b.
chemical warfare storage drums of C-616, so that freezing points may be
run on the material. To take these samples, a mobile sampling unit
has been constructed on a truck, in order that sampling may be done in
the storage lot.

A gasoline-driven generator supplies the power for the ¥Welch vacuum
pump and the bank of infra-red larns for heating the storage drum. Care
must be exercised to see that the voltage does not exceed 115 volts, which
would burn out the pump motor. To accomplish this, there is a governor
in the generator to regulate the speed, and a volt-meter to check the

voltage periodically.

The entire vacuur system (See Figure 1) is made of 5/8" copper
tubing wound with nichrome resistance wire to heat the lines to 50—60o c.
The lines should never be all&wed to become warmer than 60o C., for the
vapor pressure of C-616 begins to rise at a rapid rate at that tempera-
ture. Control of the temperature of the resistance wire is maintained
by use of a variac.

A. Preparation of System for Operation

1. Ice the cold tran in a bath of trichlorethylene and dry ice.

Allow to stand for 10-15 minutes, to insure that all C-616 in
the trap is completely frozen.

2. If the weather is cool, warm the oil in the pump by means of
an infra-red lamp.

3, Attach adapter to large tank, and then connect the 1/2" union, _ '
" ag shown in the diagram. At other end of flexible tubing, connect

Kerotest valve 1,
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L. Set up the lamp bank for heating drum and valve. Start heating
the system lines by connecting in the nichrome wire. Set the
~varide at 120 at the start, and as the lines begin to warm turn

it down.

5. Attach empty Harshaw cell at point shown on diagram.

6. FEvacuate system to 30" Hg facuum, then close pump off from rest
of system, by clos‘ng valve 7, and leak test. If after about 5
minutes there is no apparent movement in the gauge, it can be
assumed that the system is tight.

7. Close Harshaw valve, and immerse about three quarters of the cell

in liquid nitrogen (L-28) contained in a dewar.

‘ B. Overations for Taking Sample
Ogeratioﬁ Reason for Operation
1. Open valve A and valve 1. 1. By this means the initial pres-~
Keep valve 2 closed. sure in the storage drum is
obtained. Thié is usually from
10-26" vacuum pressure,
2.. Close valve A; onen valve 2 2. This removes C-616 introduced
to pump. into lines by initial pressure
test. (About 5 minutes recuired).
3., Close valve 2; open Harshaw‘ 3. Gas should now begin to condense

valvey open valve A, in Harshaw cell.
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5.

6.

Play gas-oxygen flame on

valve and uoper part of

Harshaw cell.

Close valve 1.

Open valve 2.

L

5

3.2

This prevents cond:nsation of
C-616 in valve or near top of
cell. WARNING: DO NOT HEAT
CELL ANY WARMER THAN IS COMFORT-
ABLE TO THE TOUCH. However,
since the cell must be kept
warm, it is necessary to repeat
the fl#ming procedure at regular
intervels.

This will give a rough estimete
of the condensation rate. If the

gouge drops from 25" vacuum to

30" yacuur in 5-10 seconds, the ‘
gas is condensing at a good rate.
Ir, hcwéver, there is no drop in
pressure, the nonrcondensibleé

in the C-616 have built up in

the Harshaw cell to such 2n ex-
tent that they must be pumped off
before further transfer can be made.
This allows non-condensibles to

be pumped off, and usually re-
quires about a minute. The
freocuency of this oper:tion is

dependent upon the amount of

impurities in the C-616. .
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7. Close valve 4; close volve 7.
on Harshaw cell; open valve
24

8, Close valve 6; open valve 5, . 3.
Repeat several times.

9. Pressure system to 5 p.s.i.g. 9.

with G-74 before opening to

air.

3.2

This is carried out when the
cell is full, or it is to be
removed for any reason. This re-
moves the C—616 from the lines,
This operation purges the lines
with G-74, further assuring

that all C-616 is removed.
WARNING: THIS STEP? SHOULD AlWAYSb
BE T'XEN BEFORE CELL IS REMOVED
FROM SYSTEY} OR ANY PART OF SYSTEL
OPENED TO ~IR.

This prevents any inleakage of

moist air.

Always make sure valves 2, 5, 6, and 7 are closed before opening the

system to the atmosvhere.

Immediately after shutting off the vacuum

pump, the California valve, in the line between chemical trap and pump,

should be opened.

This is donc to equalize pressure in the opump and

prevent diffusion of oil from the pump into vacuum lines.

The length of time required to take a sample is difficult to estimate,

due to the variations in impurities in the drums. However,

two hours are necessary for a sample.

on the average,
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VAPOR PHASE SAKPLINC SYSTEM FOR C-616

(Storage Drums)

The purpose of this transfer syster is o obtain a small sample of
C-616 from each storage drum. Approximately 2-1/2 to A4 pounds of
material are needed from each drum in order to run a freezing point.
The drums are C&CCC cylinders having a capacity of about 300 to 400
‘pounds.a

The transfer is done in the vapor phase and is carried on through
a vacuum system. A Kinney pump is used to produce the necessary vacuum

throughout the system. (8nowledge of the operation of the Kinney pump

is assumed) .

I. Aoparatus (Sce Figure 1)

The system consists of a &inney sump to which is attached a trap
with a capaity of approximatoly 40 lbs. of C-616. Valve 1 is a 1/2
inch S¥ Crane valve, 2 and 3 are 1 inch SM Crene valves. The gauge is
an Ashcroft bronze tube duragauge. The tubing attached to the inlet
arm of the trap is 5/8 inch copper tubing. The connection for the
Harshaw ccll is a 1/2 inch flare nut. The large sample drum is heated
by a bank of three 250 watt infra—red bulbs in order to increase the

vapor pressure of the C~616 and facilitate sampling.

IT. Procgdure

A, Preparation of the System for Operation

1. Close all valves.
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2. TIce down the cold trap in a slush bath of dry ice and
trichlorethylene. Allow this to stand for about ten to
£iftesn minutes to insure that all C-616 in the trap has
solidified znd will not be pulled into the pump when the
system is evacuated.

3, Attach the storage drum to the system by means of an
sdapter, and attach the Harshaw cell at the point shown
on the diagram.

L. Turn the lamps on the storage drum and heat it.

5. VYhen the cold trap has cooled thoroughly, open it to the

pump and leak test the entire system as follows: Open

valves 1, 2, 3, and the valve on the Harshaw cell, ard
thoroughly cvacuate the system. Close Crane valve 1 and
allow the system to remaih this way for about five minutes.
If, after this time, there is no apparent movement in the
vacuum gauge, the system can be assumed to be leak tight.

6. Close the valve on the Harshaw cell and cool cell by
immersing 3/h of it in a dewar of L-28.

B. Operation of the sampling system.

Operation Reason for Operation
1. Close valve 1 and the Har- 1. This will indicate the intial
shaw cell valve. Open valve pressure in the storage cell,
"A" on the cylinder to be thus assuring that there is some
sampled., matorial in the drum, and also

sndicating frozen valves. (This

pressure is usually 10 inches to

15 inches of mercury.)
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2. Bleed down the pressure until 2.

it is approximatcly 25" vacuunm

by the following procedure:

Open valves 1 and 2, allowing

the C-616 to expand into the

cold trap, Close valve 2, open
3 and pump the system out. Re-
peat this procedure until the

desired pressure of 25" vacuum

is obtained,

3. Close "A" and open valves 1, 3,
2, and 3’0.
L. Close valve 1, open Harshaw L

valve and also valve "A",
Velves 2, and 3 remain open.
5. Pl#y £he gas-oxygen flame on 5
the Harshaw valve, the upper
part of Harshaw cell, and

over the system lines.

WARNING:

COMFORTABLE TO THE TOUCH.

3.3

This will cause a large amount
of the HF and non-condensibles
to be pumped off and be caught
in the cold trap. The length
of time required for this is

usually not more than three to
four minutes, but is largely

dependent on the purity of the

material.

This will clean out the material

in the lines before actually

 starting the transfer process.

The C-616 vapor should now
condense in the Harshaw cell
which is cold in the L-28.

This prevents the valve and
uppsr pﬁrtion of Harshaw cell
from becoming too cold ‘and thus
becoming plugged with condensed
C-616. There is also the same
danger of plugging if the lines

become too cold.

NEVER HEAT THE CELL OR LINES TO A POINT “HERE THEY ARE NOT

However, these parts should be kept quite

warm at 21l times and, therefore, this heating operation.has to be

carried on at regular intervals,




6., Close valve A to check con=-

sensation rate,

7. Vhen non~condensibles have
built up: Close #, open
valves 1, 2, 3, and evacuate

to sampling pressure (24-26"

vacuum) .

3.3
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6. By closing valve "4" and leaving
valve 1 closed and the Harshaw
valve open, a condensation rate
may be roughly observed. If the
vacuum gauge drops from 25" down
to 30" vacuum in a short time
(about five to ten seconds), the
gas is condensing in the Harshaw
cell atAa good rate and only
20-30 minutes will be required
to collect the desired sample.
However, if there is ﬁo apparent
drop in the gauge, the non-con-
densibles have built up to such
an extent that they nust be pumped
out before further transfer can
bte made.

7. By this means the non-condensibles
are pqmped off; usually about
one minute is required. The

frecuency of this operation is

dependent upon the amount of

impurities in the C-616.




8. Close valve 1, open 4, and 8. Self-explanatory.
resume operctions as in
operation No. 4 above. The
tim: will depend on the con-
densztion rate.

9. Close valve A, close Harshaw 9, This is done to pump out all

valve, and open valve 1. the C-616 in the lines befqre
a1low the system to pump removing the Harshaw or opening
out for about five minutes. any part of the system to the
air.
Always close vélves 1, 2, and 3 before opening the system to the air.
‘l' ,

These Crane valves are tightened by means of a wrench whenever the system
is to be shut down. This is to make certain that no C-616 vapor will
escape into the lines or room when the trap warms to room temperature.
The length of time required to obtain the desired sample is diffi-
cult to estimate, but approximately thirty to forty minutes are usually
sufficient to obtain a sample of 2-1/2 to 4 pounds. « great deal can

be learncd about the length of time needed to obtain 2 sample from

observing the condensation rate as explained in Operation 6.
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ASSAY SAMPLING

I, Purpose of Assay Sampling

The purpose of the Assay System (from now on referred to as ﬁhe C.A.
system) is to provide a way to transfer C-616 from Harshaw cells to
thin-walled glass tubes from which the C-616 is later removed.for chemical
assay. This system is also used to transfer C-616 from Harshaw cells to
Hoke tubes. This latter method is called Quality Assay Sampling whereas
the glass tube method is called Chemical Assay Sampling. Since the
method of transferring the sample to the Hoke tube is identical in pro-
cedure to that of the NBM sampling system, please refer to the NBM report

and adapt its information for use with the C.A. system.

I1. Description of the Construction and Use of the Glass Tubes

A, Building the tube

The building of the tube is a cooperative effort. The glass
blower in Laboratory A makes the tube part A to B as shown on the
diagram. The taper part of the Lubes are supplied by the stock room
in Laboratory D. The glass blower of Room /4 ih Laboratory D is
responsible for the fusing together of the taper and tube, and for
making the. constriction, the use of which will be described below,.

Each taper is assigned a number which is etched on its neck
by a diamond point electric pencil. This number is recorded in the
C.A. sampling book in the section devoted to taper records. The tapers
are used as many times as possible and each new tube attached to the
taper is assigned the taper number and also the current tube nunber.

For example, if the current tube was the fourth attached to taper number

121, the number etched on the tube would be 121-i.




34
-2-

After 211 the tubes have been merked the tubes are dried for
about thirty minutes in a desiccator which is kept under vacuum conditions
in an oven. After the tuges have been dried and cooled to room timpera-—
ture, they are taken to Room 21 where they arc weighed carefully to a
tenth of 2 milligram. The tubes are then returned to this department
ready for use.

Class tubes arc used as sample containers as it is necessary
that the sample matcrial be transferred from thc glass tube to solution
without coming in contact with ¢ ir. This is effeccted by holding the
sample bulb of the giass tube under wat. r and pressing the thin glass
breaking stirrup with a brecking tool., The sumple raleased goes into
irmediate solution.

B, Sealing off of the Tube aftcr Collccting the Sample

After the sample has buen colleucted in the gluss C.i. tube
and the lower portion of theltube has been completely immersed in
liquid nitrogen (L-28) the tube must then be sealed off at the con-
striction. The sole purpose of the constriction is to facilitnte the
task of sealing off the tube. To do this, gently play the oxy-gas
torch around this constricted section of the tubc, heating it all evenly.
" If one portion is heated too much, thc vacuum in the tube will cause
the thin-walled constricted area to collapse, a2llowing air to enter
the tube and ruin the sample. During the early heating the tip of "the
fleme should be used, but as soon as the constriction begins io show
a slight reddish glow thé flame should be moved closer to the tube so

thnt the inner cone of the flame is almost touching the constriction.
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I? is necessary that the operator support the lower part of the tube
during this operntion. As soon as the glass is soft cnough the operator
should move the lower part of thc tube slowly to the left and up. The
flame should be squarely on the thin section during this operztion and
as the tube separates the operator should play the flame over bqth ends
~of the brpak, assuring 2 perfect seal.

The tubes are then allowed to stand in a hood, until they.
reach room temperature. It is possible that the tubes will cxplode as
the sample gradually expands, due to the change in temperature. Resamples
must be taken when a tube explodes.

Finnlly the tube and its taper are taken together to Room 21

’ for weighing, where a T analysis is run on the sample.

III. Preparing the System for Operation

A

A, Attaoch Harshaw of C-616 to "A" on diagram.,

B. Freeze down the cold trap in a dewar containing a slushy mixture
of trichlorethylene and dry ice. Let the trap stand for almost fifteen
(15) minutes before it is evacuat-d. (For a discussion on the use of
cold traps in systems handling C-616, please refer to the general report
on Sampling Techniques) .

C. Set the variac controlling the nichrowme resistance wire at
approximately 100 volts until the wire becomes quite hot to the touch.

Then set the variac-back to about 90. The actual setting should be

governed by the temperature of the system.
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D. Prepere a dewar of trichlorethylene, and dry ice slush - the
use of which will be discussed iater in this report. Also have a con
of hot water ready and several sm=1l dewars along with a supply of L-28.

E. Attach 4 C.Ai. tubes to the system. Use ipiezon-L stopcock

grease to form an air tight joint between the male and female tapers.

IV, Operation of the C.'. System {Rafer to diagram of the System)

Operation Need for Operction
1. Turn on vacuum pump (all 1. The sampling is a vapor phase
other valves are closed). transfor run under vacuum con-
ditions.
2. Open Valve 12. 2. The pump is now evacuating the

chemical trap, which is the final
barricr in the system, with the
purpose of removing final traces
of C-616 and preventing same
from getting to the pump.

3. Open Valve 11, 3, This valve opens the line to
Valve 10 on the cold trap.

L. Open Valve 10, L. The pump is now evacuating thé
cold trap. The purpose of the
cold trap is to collect and
condense C-616 vapors. lmuch
excess material leaves the

Harshaw during sampling and this

material must be collected at

some point, thus the cold trap.
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Open Valve 9. 5.
Open Valve 8 and then Vzlve 1. 6.
Open Valves 3, 4, 5, and 6. 7.
Close Valve 8, 8.

This operztion opens the pump
to the system propere.

The entire system up to the.
Hapshaw cell is now open to the
pump .

The opening of these valves
makes it possiblé to evacuate
the C,.. tubes.

Tt is now necessary to leak

test the system.

(For leak testing procedure please see the NBM re¢port. The

gauge readings for the two systems are identical).

Close Valves 3, 4, 5, 6 9.

Open Harshaw cell Valve H 10,
and take an initial pres-
sure reading. Bleed down

the cell if necessary. Close

Valve H.

Open Valve 8.

Non-condensibles should be
kept<out of the C... tubes.
The pressure should be about

25" of Hg vacuufle However, DBM

‘material usually is‘contaminated

with quite a bit of non-condensi-
bles and it is necessary to
alternately open valves H and 8
in order to bleed the pressure
down to 25" of Hg vacuum.

It is necessary to pump on the
C-616 being collected for samp-

ling in order to remove the non-

condensibles.




12.

13.

15.

16.

Gradually chill down U-tube 12.
with slush mixture of tri-
chlorethylene and dry ice con-~
tained in dewer. After lower

2" of U-tube have been coolcd

open Harshaw Valve H and continue
raising the dewar until 211 of

U is immersed in the cold mixture.
After about a total elapsed time 13.

of 45 seconds close Valve H.

After about three more 4.

minutes close Valve 8.

Immerse U-tube in container 15.

of hot water.

Secure sm2ll dewar of 1-28 16.
into position so that the

lower half of the sample

bulb is immersed in the 1-28.

The C-616 from the Harshaw cell
will concentr~te in the U-tube
in the form of a condensed solid
matorial. This material will
be then used as the sa&ple

material,

Enough material should have
been collccted in the U-tube
dﬁring that time.

Dyring thzt time practically
a1l non-condensibles should
have been pumped out of the

system.

' The actual sampling takes place

as a vapor phase transfer. The
hot water vaporizes the solid
C-616 in the U-tube.

The vaporized C-616 should go
to the bottom of the tube

before it is condensed.
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17. Open Valve 3. 17.
18, /fter about 15 seconds, 18.
close Valve 3.
19. Raise dewar so that appro- 19.
ximately 2 inches of the
C.4, tube is immersed in
the L-28
20, Separate the lower part of 20,

the tube from the taper at

the constriction.

3.4

The opening of this valve allows
the C-616 to enter the tube.

It takes about 15 seconds to
collect & sample of solid C-616
in the fange of 1.0 to 3.0
grams. s this phase of the
oper~tion all depcnds upon good
estimntion by the operator -
experience is the only way that
an effective technigue can be
developed. Throughout the
collecting of the sample the
upper part of the tube should
be topped if the C-616 begins
to gather in the narrow
capillary.

It is necessary to keep the
sample well frozen down while
the tube is separated by the
flaming method.

The mcthod has Been deseribed

previously.
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21. Record all pertinent data 2L. Self explanatory,

such as taper No., tube
No., lot No., cte., in
C. i, sampling book.

22. Repeat steps 16 through 21 22. Self explanatory.

for each C, i, tube,

23. The system is now ready 23. Self explanatory.

to shut down. It should
be in this stete: Valve
1 open, Valves H, 2, 3,
L, 5, 6, and 8 closed.

24,. Open Valve 8. 2k, The excess C-616 can now be
pumped out of the lines, U
tube, and into the traps.
Pump for several minutes, and
gently heat the U tube.

25. Close Valve 8. Open 25. This is the first step in purg-

Valve 7, and allow G=74 ing the system.
to fill the system to a

gauge pressure of about

£ 5 lbs.

26. Close Valve 7, open Valve 8 26. The residunl C-616 in the system

and pump out the system thoro~- is swept out by this process.

ughly. This filling with G-74

and pumping out should be done

at least twice. '
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27. Once more fill the system 27, This process will prevent the
with G-74, but this time introduction of wet air into
to a pressure of only 1 the system.
1b, gruge. Close Valve 1,
remove Harshaw cell, and
plug'the flare nut on the
end of the U tube.
28. Close valve 9, 10, 11, and 28. It is necessary to follow this
12. Shut off pump, procedure in shutting doﬁm the
system,
29. Open Valve C until pres-. 29, O0il will diffuse from the pump
. sure in the pump reaches into the system unless this is
vatmospheric, then close it. done.,
30. Turn off the variac. 30, The heating unit is now off,
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OPERATION OF THE NEI* SYSTEM

I, Purpose
A. To transfer samples of NBM C-616 from Harshaw cells to sample con-
tainers known as Hoke Tubes for isotopic analyses.
B. To transfer large quantities of NBY C-616 from Harshaw cells to
various type containers for field use.
C. To empty NBV C-616 frém various containers such as traps, Harshaw

cells or many other different types of NBM containers.

II. Hoke Tube Sarpling

A. Preparation
1. In order to insure condensation of NBY C-616 in the cold trap,

(see Figure 1) place a large dewar sc that it surrounds the

trap and leaves about 1 inch of the trap walls above the lip of
the dewar.

2. Add trichlorethylene and dry ice to the dewar until all but
about 3 inches of the trap are immersed in the mixture. The
final consistehcy of the trichlorethylene and dry ice mixture
should be that of a loose slush, This cold mixture will freeze.
the C-616 already in the cold trap and also freeze the vaporized
C-616 that is drawn into the trap during oper:tion of the
system.

3. Prepare another dewar of trichlorethylene and dry ice. The
use of this dewar will be described below.

L. Have a supply of ligquid nitrogen available for immediate use

and also set aside a small dewar in readiness.




B.

5.

6.

Ts

8.

9.

3¢5
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Carefully weigh the Hoke tubes which areﬁto be partially filled
with NBY C-616. Record these tare weights in the NBY sampling
book along with the operator's name, the number of the sample,
the date, the number of the Hoke tube, the number of the Harshaw
cell containing the material to be used in the sampling, and the
lot number‘of the material in the Harshaw cel%. The information
concerning the Harshaw cell and the NBM material which it con-
tains is readily obtainable from the white tag fastened to

every Harshaw cell of NBM material. |

Attach the Harshaw cell,-if not already in position from pre-
vious runs, to connection A,

Place a container of hot water nearby.

Finally, place the Hoke tubes to be filled during the operation
on the system in positions 10-15 (Figure 1). Any number of
tubes from one to six can be handled simultaneously. Hoke
valves are used for sampling NBM C-616 material as ﬁhey allow
only a small amount of vapor to pass which is very vital in
controlling the size of the samples.

A1l samples must weigh not less than 1.0 (one) g. and not more
than 5.0 (five) g. ’

Procedure - Assuming the system is now ready for use, operate

as foLlows:




Operation

Start vacuum pump.

Open valves x and y (Kerotest)

3, Open Kerotest valve 1.

3.5

Reason for Operation

The sampling is a vapor phase
transfer carried out in vacuo.
Valve x connects the pump being
used to the pump manifold. Valve
y opens the pump to the chemical
trap for the NBY system. The chem-
ical trap is the final barrier in
the line leading to the pump. Its
primary purpose is to protect the
pump from HF, C-616, and water
vapor by their respective actions
upon sodalime, activated carbon,

. and Drierite. C-216 should never
be used in this sort of 'a chemical
trap, because of an explosive com-
pound formed between C-216 and
activated éarbon.

The pump is now evacuating the
cold trap of air or other non-
condensibles which have collected

there. It is to be remembered that
the cold trap has been standing for

at least fifteen minutes in a dewar

of dry ice and trichlorethylene in ‘
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5.

Open Kerotest valve 2.

Open Kerotest valve 3.

Open Hoke valves 4, 5, 6,

7, 8, and 9.

Open Hoke tube valves, 10,
11, 12, 13, 14, and 15.

Use the oxygen-gas torch to
flame all of the tubing that
is now being evacuated. Start
at valve 2 and work to the Har-
shaw cell connection flaming
every inch. Give especia;‘
attention to flaming the Hoke.
tubes and the U-tube labeled M

on the diagram. Nove the flame

L

5.

7.

8.

345

order to freeze down the NBH C-616
collected in it. Non-condensibles
are materials that will not condense
when they hit cold areas. They are
often present in thé Harshaw cells.
The large portion of the non- .
condensibles is HF and nitrogen.

Tt opens the cold trap to the main
part of the system.

The operator is now opening the re-
maining valves in the sampling arm
of the WBM system to the pump.
These valves lead to the Hoke
sample tubes and are the outlets

to them from the system propers

Now the pump is evacuating every
section of the NBM sampling arm.

By flaming the line, water vapor
and any stagnant NBM C-616 are
clearéd ffom the line. These
materials are retained in the cold
trap and the chemical trap.

Tt is advisable to heat from the

cold trap toward the Harshaw

connection as the pump is then

pumping directly on the area being.
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12.

gradually along the tubing,
always following the vapor
ring that will form on the
tubing just ahead of the

flame. It is unsafe to heat
the lines so that they become
uncomfortable to the touch.

Close valves 3 and 2. 9.

Wait for about ten minutes. 10.

If system is lcak tight, open 11.

valves 3 snd 2,
Close valves 10, 11, 12, 13, 12,

14, and 15.

345

heated by the torch, If the
operator, for éxample, flames the
U-tube first and there is some
material plugging the line beotween
the T and cold trap, a pressure

will be built up.

The system'is now being leak
tested. If valve 3 is gas tight,
then it is not nocessary to close
valve 2.

If after a ten minute wait the
gauge still shows a vacuum of
about 30 inches Hg, proceed with
the sampling. However, if the
gauge has dropped during the ten
minutes, locate and remedy the
leak before continuing. For further
procedures in leak testing, see
Section C, below.

The system is opened to the pﬁmp

and thoroughly evacuated.

The Hoke tube.valves are closed

at this time to prevent any non-

condensibles present in the Har-

shaw from collecting in the tubes.




13.

15.

16.

Gradually raise a dewar of 13.
dry ice and trichlorethyiene

up around the U tube M. After
approximately 2 inches of the
lower portion has been chilled,
open the valve on the Harshaw
cell connected at A. Collect
the NBM C-616 for about 45
seconds - always pumping on the

materiel in the U tube.

After L5 seconds, close the 14,

valve on the Harshaw cell.

\fter 2 minutes of additional 15.
pumping, close valve 3..‘
Remove the cold dewar from the 16.
U-tube and place the container

of hot water in position so

that the U-tube is immersed

in the hot water.

345

Before the Hoke tubes receive
their samples, it 1s necessary to
build up a supply of material in
the U-tube. - This material will,
then be transferred into the Hoke
tubes. The C-616 from the Harshow
will condense in the U-tube. The
system is open to the pump at all
times during this step, the purpose
being to effectively conduct a

distillation to remove HPF and

volatile fluorocarbons, since Hoke

tube samples should be as free of

these substances as possible.
Enough moterial will have collected
in the U-ﬁ;be by this time.

A11 non-condensibles should have
been numped off by this time.
The’ﬁot water will vaporize the

condensed NBM C-616 and the

gauge will indicate a pressure

rise of about four to five inches
of Hg. Usually the pauge reading
will go from about thirty to

twenty-five inches vacuum.
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19.

20.

21.

22.

Immerse the lower tip of the
Hoke tube zpout one inch into

a dewar of 1-28.

CGradually raise the dewar
flask of 1-28 complctely
immersing stem of the HokeA
tube for approximately thirty
seconds.

Close valve 10 and remove the
dewar of 1-28,

Repeat stens 17, 18, and 19
for each Hoke tube; namely,
valves 11, 12, 13, 14, and 15.
Open valve 3 and remove the

hot water bath from the U-tube,

Flame out the system as before;
this time do not flame the Hoke
tubes which now contain the

samples.

Open valve 10.

-7~

17.

18,

20,

21.

345

The lower tip of the Hoke tube

is chilled first so that the
vaporized NBY C-616 will go to °
the bottom of the tube when
valve 10 is opened and will not
condense and form a plug around
the top of the tube.

Experience has shown that usually
a sample within the rangerf 1.0
to 5.0 grams can be collected

during this time.,

The sample should be in the Hoke
tube.
Each tube is filled in the same

manners.

All excess NBY C-616 material

left in the U and lines at the
conclusion of sampling must be
removed to the cold trap.

The flaming is to remove NBM C-616
from the lines. Flame up to the
connections between the Hoke tubes

and Hoke valves but do not flame

the sample bearing tubes.
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25.

26.

27,

Close valves 4, 5, 6, 7, 8,

and 9,

Close valve 2, open valve 16,
and bring the whole system to
1 1b. gauge pressure of dry
nitrogen. Remove and weigh the
Hoke tubes,

If the sample weight is between
1.0 and 5.0 grams, record the
gross and net weights in the
NBM log book, and screw the
metal plug into the Hoke tube.

The operation is complete.

If the Hoke tube does not
contain a sufficient amount

of material, again place the
tube on the swstem and repeat
the operation.

If the Hoke tube contains too
much gaterial, again place the
tube on the sYstem and pump

some cf the sample into the

cold trap.

23,

25,

26.

27.

3¢5

This is preparatory to removing
the Hoke tubes; therefore the
system must be closed to the
atmosphere. |

The system must be kept dry, and

this operation prevents the en-

trance of moist air.

It is necessary that a record of
each sample be kept. The metal
plug which is not a part of the
tare weight of the Hoke tube is
a precaution taken against the

possibility of a valve leak which

would allow C-61¢ to escape.

In repeating the operation, the

1-28 immersion time may need to
ve changed. This is left to

the judgment of the operator.

Hoke tubes containing too much
material have been known to burst,
Therefore, it is important that

tubes are not overloaded. The

operator must become more or less
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3.

L
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familiar with the system before
he can estimate how long to pump
on a Hoke sample in order to

remove a certain amount of material.

C. Furthcer Procedures in Leak Testing

Close valve 2. 1.
Open valves 3, 4, 5, 6, 7, 8,. 2.
9, 10, 11, 12, 13, 14, and 15,

Open Kecrotest valve 16. 3.
After a gauge pressure of approxi- L.

mately 10 pounds has been built !

up, close valves 16 =nd 3.

Coat every connection in the 5.
sempling system with sdap

solution.

After testing, evacuate the 6.

system completely.

This is a method using pressure
testing, necessitating the iso-
lation of the cold trap ~nd pump
from the rest of the system.

A11 sections of the sampling arm
must be put under nitrogen pressure.
The opening of this valve permits
nitrogen to flow into thc sampling
arme.

The sampling arm is now isolated
from the rest of the system and is
under nitrogen pressure.

Bubbles will form at the point
where nitrogen is escaping. It

is thén possible to repair the leak
and leazk test the system again; if
it. is then leak tight, continue

the sampling operction.

This prepares the system for

sampling.
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This discussion of operational technique finishes the method of NBY,

C-616 sampling.

IV. Dumping and Transferring

A, Preparation

1. Comnect the cell that contains the materirl to be transferred
at D,

- 2, Cormect the receiver to the system at E.

3, Irmerse the cell from which C-616 is being transferred in a
container of hot water. Use an electric strip heatgr to keep
the water hot,

. Le If the system is being used for transfer purposes, immersc
three quarters of the contniner receiving the moterial at
point E in 1-28 and freou‘.ently play an oxygen-gas flame on
the valve and upper portions of this receiver to keep these
parts from becoming clogged with NBY C-616. Heat these parts
until heated area feels quite warm to the touch.

5, If the system is used for dumping purposes, connect a large B
type cvlinder ot E and freeze it in a lérge container.of
trichlorethylene and dry ice slush,

6. Focus an infra-red hcating lamp‘ on the valve of the receiver
to keep it from becoming clogged with NBM C-616.

7. As in all dumping procedures, there is 2 tendency for the

non-éondensiblés to build up over o period of time. %hen the

. ' gauge pressure indicates that this has happened:
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(a)
(v}

345

Close valve to the cell being dumped.

If there is no anpreciable drop in pressure when hot

cell is closed, condensation is not taking place. It

is then necessary to pump the non~condensibles from

the lines and the receiving cell.

B. Procedure

Operation

1. T'eigh cell to be dumped and

record weight,

2. Mtach the cell to be dumped
or the source of transfer
material to system at D.

3. Attach receiving cell at
point E,

4+ Go through steps l1-~4 as written

up in Procedure on Hoke Tube

Sampling.

1.

2.

3¢

b

Reason for Operation

In the case of simple tfansfers,
weigh only the cell to be filled
before and after the operation
as the operator must keep the
sample weight within certain

1imits. Vhen dumping, record the

| gross and tare weights of the cell

being dumped and enter all parti-
nent information in the " Dumping

Log Book™.
Self—explanﬁtory.

Self explanatory.

Reasons are identical to those

already given.
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8.

1l.

~12-
Open Kerotest valve 17. 5.
Flame lines with oxygen-gas 6.
torch.

Close valve 17. T
If system is leak tight, 8.
immerse the cell at D in

hot water.

If it is a dumping oper=ztion, 9.

placc a container of dry ice
and trichlorethylene around the
cell at B. If it is a transfer
oper~tion, place a dewar of 1-28

around the cell.

Open valve on cell containing 10,
the NBM C-616 at D.
Open valve on cold receiver 11.

at E.

3,5

This valve opens the remainder of
the left arm of the NBM system to
the pump so that it can be evacuated.
See reason 8 under Procedure on

Hoke Tube Sampling.

The system must be loak tested at
this stage. See steps 9 and 10
under Procedurc on Hoke Tube
Sampling ond Section C on "Further
Procedures on Luak Testing".

The heet will vaporize the'solid’

NB}f C-616.

Vapor phase transfers go from hot
to cold bodies. The NBM Cc-616
condenses out in the cold re-

ceivers.

This permits the C-616 vapors
to enter the system.

The C-616 will now condense in

the receiver.




12.

13.

1,

-13-

Keep infra-red heating lamp 12.
focused on the valve of re-

ceivers which are cooled with
trichlorethylene and dry ice.

Use oxygen-gas torch to keep

upper portion and valve of re-
ceivers which are cooled with

1~28 warm to the touch,

It is now necessary to pump

off non~condensibles as

followss

(a) Close valve on cell D,

(b) With valves 2, 1, and E

open, open valve 17.

C. Closing Down the System

In order to calculate the

approximate rate of transfer

-~ from the hot to the cold cell,

remove the receiving cell now and
then and weigh it. When the
correct amount has béen transferred
or the hot cecll is empty, the

system is turned off as followss

345

The hezting insures passage of
C-616 through these arcas, thus
eliminating the possibility of

plugging.

(a) Large quantities of.C—616
will be pumped into the cold
trap unless the source of
616 is closed.

(6) The vacuum DURD C2n NOW pump

the non-condensibles from

the system




(a)

(b)

(e)

(a)

(e)

(£)

(g)

Close valves on cells 2t

D and E.

Open valve 17, flame the
lines, and pump on the
system,

Close valve 2. Open valve 16
and fill the system with
nitrogen to 1 lb.. gruge
pressure. Close valve 17.
Closc valve 16.

Remove dewar a~nd hot bath
and disconnect ths cells at
D and E.

Serew flare plugs into con-
nections at D and E.

In order to shut down the
system, close valves in the
following order: 17, 2, 1,
¥, x and switch off pump.

Open Calif. valve Z.

(a)

(b)

(c)

(d)

(e)

()

(g)

345

Both cells are under vacuum
and it is imperative that
they remain so after they
are taken from the system.

Reason given before.

Thé pump must be isolated
from the system before the
system is brought to atmos-

pheric pressure.

Self explanatory.

This keeps the lines free

from atmospheric moisture.

Logical order to follow.

This operation permits air
to go into the pump and it
will prevent the oil in the

pump from diffusing into the

system.
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(h) After the "hissing" of air
entering the purp has stopped,

close valve Z.

(1) FEnter all data in the

COrrect NBM book.

The operation is now complete.

345

(h) The pump is now under stmos—
pheric conditions as it
should be when it is not in
use.

(i) Self explanatory,
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DBM DUMPING SYSTEMS

I, Purpose
The purpose of this system is to transfer C-616 from small containers
such as are used in the laboratories to larger cylinders which are

eventually returned to the Frocess Area.

II. Operation

The C-616 is transferred in the vapor phase by means of the system
shown in Figure 1.
The proper techniques of operation are the same as those given in

the procedure "NBM Sampling and Dumping'.

III. Precautions
As in any system involving transfer of C-616, the operator must
wear safeﬁy glasses. It is also advisable for operator to wear leather

gloves to protect hands ageinst valve handles and dry ice.
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C-616 SAMPLING IN THE 600 BUILDING

I. Preparation

1.
2.
3.
Le

5.

Te
8.
9.
10.

1l.

12.

i
Get permission to take a sample from the building foreman.

Get foreman to start Stokes pump.

Plug in nichrome resistance heater.

Check valves 4 and 4;. They should be closed with torque
wrench set at 65 1b.

Check valve N. It should be closed with torque wrench set at
45 1b.

Open valves V, B, C, D, and F in order.

When vacuum gage I reaas 29 inches, close valve C.

Immerse cold trap K in L-28.

Plug in Pirani gage.

Start vacuum pump.

Open valves E, Hy, and H, and evacuate system to a pressure
of 50-75 microns.

Close valve C.

II.  Procedure

1.

2.

Close valve V with torque wrench set at 65 lb,

Open valve 4 or'Al (depending upon line to be sampled) and let
pressurc on gage L riée to 1 atmosphere.

Close * or Al and open valve V. This purges line to valve C.

"Hth Pirani gage reading of 50-75 microns. Close valve E.

Close valve V with torque wrench set at 65 1b.

Closs valve G.




8.
9.
10.

i4.

15.

16.

17.

18,

19.

@

Crack open valve ' or Al’

Slowly open valve C.

"Men gage I reads 25 inches vacuum, close valve C.
Close valve % or ﬂl with torque wrench set at 65 1b.
Open valve V.

Close valves H and Hl'

Open valve C and evacuate menifold to not less than 28 inches

of vacuum. .

Close valve C and open valve G.

After ome minute, open valve E and read pressure on Pirani

gage.

“hen pressure reading on Pirani is less than 100 microms, close
valve D and remove sample cylinaer. Repeat for duplicate sample.
Tag cylinder giving date, time, source, purpose of s:zmple, and
sampler's name,

Close all valves, disconnect heater, pump, and Pirani gage.

Remove 1-28 from trap K.

Send samples to Laboratory A,
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DETRRUINATION OF C-616 IN G-74

Part A

Sampling

This method is for the detcrmin-tion of C-616 in G=Th. Part A
includes directions for taking the gas sample into the 5 liter bulbj
Part B includes directions for the solution of C-616 in water and the
determin~tion of the Tosz jon colorimetrically; Part C includes

directions for the volumetric determination of the T02%¥ ion.

I, Apparatus
A. Sample Bulb - Five liter bulbs fitted with adapters as shown
in\Figure 1 are required. Cases are prdvided for the trans-
portation of the bulbs.
B. Sampling Buggy - The sampling buggy shown in Figure 2 is used

to take samples.

SOME DO'S 'ND DON'TS ON THE CARE OF THE BUGGY

1. Don't move a buggy if the lines are evacuated.
2. Do open the valves to admit air into the‘manometer before moving.
3. Don't fail to take a lenk rate Bn a1l connections before szmpling.
L. Don't use Apiezon-Q to stop a l.ak; however, it may be used to find
a leak.
5. Do your best to stop lea@s by tightening the couplings.
6. Don't remove a stuck pump and install a new one.
NOTE: A buggy with a2 stuck pump shows that the trap is exhausted.

7. Do return buggies with stuck pumps to ¥orks Leboratory Field Office,

303-10, for repairs.




8.

10.

11,

3.8
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Use two wrenches for tightening flare fittings.

NOTE: Use of only one wrench may twist the tubing or brezk the
buggy menifold.

Don't open the manometer to a vacuun cuickly, as this moy pull

mercury into the lines. _

Don't bend the copper tubing leading from the buggy to the sampling

point. Disconnect it completely when moving 2 buggy e

Procedure

A. Testing bugey for le=ks (This procedure should be carried out
whenever buggy is used. #s a rule no leaks will be found and
" the procedure will not take but a few minutes). YHEN OPERATING
BUGCY °ND GL.SS BULBS /RE UNDER V' CUUM, SAFETY GLZSSES MUST BE
T!‘TORN R |
1., Closc 211 valves.
2. Connect thc buggy to sampling point and plug in pump cord
on 110 volts /..Ce
3. Start vaéuum purp. Open valve E,
4. Open val&e B slowly, tnking care that no mercury is pulled
| into the line from the manometer. <1low system to pump
until the pressure is less than 5 mm. absolute.
5, Close valve B and watch monometer for evidence of leaks.
(a) If there is a leak, close valve E, and watch manometer
for indications of a leak. Indications of’a leak here
show that the connections to the manometer are not
tight. Tighten carefully, if luak does not stop get
a new buggy and return the old buggy to YTorks Laboratory

Ficld Office, 303-10, for repairs.
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(b) 1If closing valve E stops the falling off of the man-
ometer, check valves -, C,_Cl, and D. Open valve E
again and sce if the leak was due fo a velve which may
have been opened slightly. If there is still a slight
leak or if there was not any leak at the beginning,
proceed with the following testingq
6. Open valves D and B and evacuate the purge bulb.
7. Close vnlve B and watch manometer for indication of leaks,
(a) If there was a leak indicated in (b) of step 5, and
. no indication of a leak at this point, then valve D
‘ leaks through the seat. lMake a notation of this, if
lenk was very smell (5 mm. per minute or less), the
buggy can still be used. If there is still a leak, but
it is much slower, indications are that vzlve D and the
purge bulb are not leaking. |
(v) If there was not a leak before and there are indications
of a lcak now, the bulb leaks and the buggy should be
sent to Morks Laboratory Field Office, 303-10 for
repairs,
(e) If there are not any leaks, procced with step 8.
8., Close valve D, open valves .. and B making sure that the
valves on the line recorder manifold or other sampling

point are closed.

‘ 9., Close valve B and watch menometer for lezkse




(a)

(o)

10. Close valve .. and attach bulbs to fitting above valves C and C .

3.8
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If there was a leax in step 5 (b) and there is none
now, valve A leaks through the seat. lake a notation
and report the fact to the supervisor. The buggy can
still be used.

If there was a leak in step 5 {b) and there is still
about the same lcak, proceed with step 10. If the
leak seems greater, tighten the flare fittings and -

check the valves on the sampling point. Proceed with

step 10,
1

Make sure the stopcocks and the spherical joint are well

greased with MFI grease.

1. Open valves C, ¢t and B, evacuating the short lines between

1
valves C, C  and the stopcocks on the bulbs.

12, Close valve B and watch manometer for lcaks.

(a)

(b)

If there was a léak indicated in step 5 (b) and no
leak now, then either valve C or ¢l 1ceks through
the seat. Close both valves and open the stopcock

on the bulb over valve C. If there is a leak through
the valve C it will show on the manometer. If there
is not a leak through valve C, open the stopcéck on
the bulb over valve Cl. If there is a leak through
this ?alve, it will show on the manometer.

If there was a leak indicated in step 5 (b) and it

continued whether valves C-and ct were opened or closed,




(c)

(d)

3.8
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it can be assumed that the buggy mrnifold is at fault.
If this is the case, take the buggy to Works Laboratory
Field Office, 303-10, for repairs. oo |

If no leoks were found in all 12 steps, the bugey is
ready to take a sample.

If there was a lenk iﬁ Step 9 (c) isolate it in the
following mrnner: Discomnect the tube from the sarpling
manifold st the manifold ~nd plug up the end of the
copper tube with a rubber stopper. Open 4 and B,

close valves C, dl and D, and evacuate the line., Then
close valve B and watch manometer for a leak. If there
{s 2 lcak, tighten the flare fitting connecting the
copper line to the buggy. If this does not stop the
leak, close velve ', disconnect the copper line ond
check the flare for cracks. If there is not a leck,
commeet tho line back to the sampling monifold ~fter
first looking for a defective flare at this joint. Then
evacuate the line, close valve B and watch the manometer.
If there is still a leak, use some Apiezon-Q over the
flare fittings. If this stops the leak, tighten the
flare connections and remove the ipiezon-Q. If this
does not remove the leak, the valve on the sampling
manifold is ot fault. Notify the supervisor of this
fact. If the system is now tight, the sample mey be

taken,




3.8

—b-

B. Procedure for taking C-616 Sample

1. Open all valves excevt the valve on the sampling monifolde.

2.

3.

4.

Se

6o

7.
8.
9.
10.

NOTE:  Vhen set'up at a line recorder station, open the
valve on the sampling manifold, but be sure the valve on the
loop is closed. Check with line recorder operator.

Let the system come to equilibrium. This requires 5-10
minutes.
Read the manometecr, (both sides if it is a U-tube), record
the pressure (if the menometer is a U-tube, record the
difference). This is the starting pressure.

Close vnlves C, ¢l and D, If this is the first sample taken
at the station, have the operator open the valve to the cell
for 10 to 15 secondsbﬁnd purge the line through the trap.
Then‘close valve B, open valve D and have operator open
samplingFVﬁlve. This purges the line into the metal bulb.
When pressure rcaches equilibrium, about 1-2 minutes, closc
valve D and open valve Cor ¢l and allow gas to fill bulb.
Close valve 4 and read the pressure on menometer (differcnce
between béth sides of U-tube). This pressure subtracted
from the starting pressure will give the pressure of the
sarple. |

Close stopcock on bulb.
Have operestor close sompling valve.
Open v~lve -, B nnd D and evacuate.

Close vnlve C or Cl, whichever one was opened.

Remove bulb, £ill out tag recording pressure, temperature

and volume,
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If the concentration of C-616 in the gas is very low (less than
0,01 mol. per cent) mark the label EVAP. in red crayon. Check
wiﬁh supervisor in casec of doubt.

Tis tag to bulb, put bulb into the box and have it taken to

Room 105, Iaboratory B,
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PROCEDURES FOR OBTAINING SAMPLES FROM TANKS

(Read thoroughly and carefully)

For All Viater Tamks -
| There are normally five water tanks in operation (H-303-B, H-303-_-C;
H-30l+,‘ H-304=C, and H~308). Samples are obtained from these tanks in wide-
mouthed pint bottles. WEAR RUBBER GLOVES while taking samples from hot
water tanks H-304, H-303-B and H-303-C. Determine turbidity and pH of

these samples, Record the results of these determinations on the report

sheet,

For Water Filters -

~ Use wide-mouthed pint bottles to obtain samples from water filters.
Three samples are to be taken from the filters. A sample of the water that
enters the filters is taken from the line running into the hopper in the
| center of the filtering apparatus, A sample of the water leaving each
filter (both #1 and #2) is tsken from the pilot valves located on each
filter, (éo‘nsult the filter operator or the chief chemist to find the lo-
cation of these valves), Determine turbidity on these samples and record
results on the report sheet,
Note: If sanitary water is being used in place of filtered water, only one
sample is necessary. Obtain this sample in a wide-mouthed bottle from the
pipe line entering the top of the large reservoir tank adjacent to the

filters., Determine the turbidity of the sample and record the result on

the report sheat,
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For Acid; Alkali; and Ammonia Tanks -

The sample for these tanks (H—BOB; H-304~4A, H-304-B, H-305, H-307
and H-303-A) will, be taken in. glass-stoppered bottles. The bottle is placed
in the woodezi ho;i.der and secured by means of the wooden pin and the wire,
The glass stoppe:® is removed and the bottle lowered into the tank, Rinse
the bottle in the solution several times, Take equal amounts of the sample
from the center and both ends ‘of the tank. Do not take sample from only
one end of the wank, ueplace the stt.apper wien the bottle is almost filled

and rinse in a water tank before removing bottle from wooden holder.
\ ,
Precautions:

1) ALJAYS WEAR YOUR/GOCX}I.ES WHEN TAKING SAMPIES FRCM THESE TANKS.

2) I the sample is hot, rinse in a HOT water tanki DO NOT RINSE
IN A COID WATER TANK! The bottle may break and showsr you with
hat acid or alkalil If the samp‘le is cold, rinse in a cold
water tank for the same reason.

3) IF ANY LIQUID FROM ANY OF THESE TANKS FALLS OR SPLASHES ON YOUR

SKIN OR CLOTHING, WASH IT OFF IMMEDIATELY WITH LARGE AMOUNTS OF

WATER FROM a4 COLD WATER TANK.
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DETTRMIN.TION OF ¥FL MIST

This is a method for the determination of }FL mist in pump dis-
charge after passing through a mist filter.
Part A deseribes the method ~or taking the sample into a 5 liter

monel can.

Part B describes the method for the gravimetric determination of

WL in the can.

Part C describes the determination of !FL in the can by infra-red
\

absorption.

4, Sample cans
The samples are taken in 5 liter monel cans fitted at each
| end ith one inch gate valves packed with D-20 (See Figure 1).
‘ B, OSampling svstem
The sarpling svstem used is shown in Figure 2. £11 lines are
one inch monel pine. The can is attached to the system by dresser
courlines and is enclosed in an oven so that it may bé heated to the

o
terr 'erature of the ras at the dircharge of the pump. (About 120 F.).

Procedure - The procedure will be described on the assumption that
the can is in place and has had time to heat to the temperature of
the oven. If there is no ean in place, install one following the

directions in step L and allow the can to heat for at least one .

hour. )
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A, At start have valve 5 open and all other valves closed.

3. Record oven temperature.

€. Onen valves 1 anc¢ 2 (on rpposite ends outside of oven).
D. Onen valves 3 and 4 (valves on mist can).
n. Close valve 5 (ra‘n line valve).
. #llow pas to run through sample can for sixty (60) seconds.
G. Cren volve 5.
. Close valves 3 and 4.
. Close volves 1 and 2.
J. Remove sampling can by raising oven, unloosening bolts on
dresser couplings and sliding sleeve toward the can. The can
. should now come out and the couplings can be removed.

b
L{'

Tag can with time and temperature and pressure of sample and

send to Room 1C5, Laboratory B for analysis.
L, Install new can. In replacing couplings make certain that the

rubtur gaskets on both ends of each sleeve are in place and that the

w7vee are not placed too far toward the can (the bolts cannot be
tirrtoned) or t00 near the support (the oven will not fit on properly).

. fter the can is in place and securely fastened, lower the

ov.n so that it fits snuply and insert the thermemeteor in one of the

holes provided.
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RRACTNTS 7“’UT1 ED IN 1301 BUILDINC NALYSES

1. Sodium Hrdroxide (0,1 ¥)

Yaigh out about 4.5 groms of anolytical reagent grade NaOH (pellet)
on trip brlance, dissolve in 100 mi. of distilled water, 2nd dilute to

one lit:sr,

Strndrrdization: Dry cbout 10 grams of primary standard anolytical

LY

rercent srode potassium acid nhthalate in en oven for at least two hours.
Tslgn accurately amproxirately three 0.9 gram portions of the potassium
scid ohthal~te on an analvyticerl balance. Treat ench portion in the
“~1lowire ranner: Dissolve the potassium 2cid phthalate in about 50

w1, of COp free witor in 250 ml. Erlenmever flusk. Add 5 drops of

vhenolphth-lein indicator ond titrate to » pink color with the C.1 N

Crlcul-tion: .

groms yotassium ecid phtholate

1 HaOH = (mL. NanH) (0.2041)

. Sulfuriec Aeic (0.2 W

Vs enipe from o small graduate 9 of concentrated HpSO,. 4dd
ko 290 v 3, of distilled water ~nd Jilute to 1 liter.
Stardnrdization: leasure 50 ml. of the standardized 0,1 N NaOH
solution from a burstte (Or pipette) and titrate with the 0.3 N
aqSﬂA using phenoiphthalein as an indicator. At least three titrations

should be made.

Calcul-tinn:

N H-50, = (M NaOH) (mi. NaOH)
N L~ mi. H2soh

5, 2henoiphthriein Indicator

-

Dissolve 1 ¢ of phenolot::zlein in 50 ml, of 95% nlcohol and add ‘

Dopd, of distilled woter.
5
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L. Sodium Thiosulfrte (0,1 N)

Piscolve 25 erams of -nalyticel reagent grade NayS5;05 - 5 Hy0 in

water., Ldd 2 grame 920H and dilute to one liter.

rs follows: Dry sbout 10 grams of finely ground analytical reagent
crade K2Cr207 in an oven at 110O C. for at least two hours. ‘leigh out
54303 groms of the dried salt, dissolve in distilled wnter and dilute
in o volumetric flask to one liter with distilied Watér.

Dissolve 2-3 grams of «I in 200 ml. of distilled water and add 10

id. of 1:1 HCl, ieasure accurately from a burette into 2 glass
storpered flask contnining the KI solution 30-40 ml. of the potassium

dichrormte, and allow to st~nd for a period of 5-10 minutes. Titrate

ot & 1a

with the 0.1 N Na28203 solution until the solution is light wvellow.

b 3

<t Z=3 pl, of starch indicator and titrate to the disapearance of

+.. blue starch color. (a slight green color will remain).

1 - N »
Unievlothion:

(rl. K,Cr 05) (0.100)

N chs
ml, Na28203

203 =

5. Strreh Solution

ot

iz 5 grams of soluble starch thoroughly with o little distilled
vwotor.  Pour with constant stirring into 500 ml. of boiling water.
Ailow the solution to cool and add 10 grams of KI. :

o™ ) T 0y 2 h
b,  Socium Hriroxics (5%)

Dissolve 50 grams of MaOH in one liter of distilled water.

7. Scetic ‘cid (EN)

Hlute 3Lh ml. of glacial ccetic acid to 1 liter with distillec water.
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'N"1LYSIS OF “LECTROLYTE FOR HE

™is is n method for the detcrmination of HE in KF electrolyte.

o neld is titrated with standard NaDH solution.

I, .paratus

. Two coppur (or preferably Pt.) plates.

N

3. Dipping spoon or rod.

. Dusiceator (fillsc with CaCly).

Tr.. onmepntor should be eouipped with the following safety ecuip-
rent while tnking 2 sﬁmple= rubber gloves, safety glasses, and face

- A

)
ESSRARN RO

", Deogents

(For preosr-tion, see reagent section. Number refers to solution
nuribor in rengent seetion).

. 0.1 ¥ Ha0H (1) Standerdize accurctely with potassium acid
nnth~lzte.

3. 0.3 1N I*L,SO}+ (2) Standsriize against the above NaOH solutione.

T 1
USRS L0 CETAYC

@]

. aotify the shift foreman when a sample will be taken so cell
arn e shout Cown. 0O NOT ENTER CENERATOR ROOL UNTIL RED LIGHT IS OFF.

3, Onen s~umpling valve on top of generator. Z1low plenty of room
c~p Mplow out! should one occur.

C. DPlnce sompling spoon or rod in valve opening and agitate in

an ur And owm motion.

-

D. Cuickly withdraw somopling rod and place smz1l portion of melt

ar: compur plote. (‘bout 0.25 g. of melt should be taken).




L.1b

-2=

k)

5. Immedintely place plates in desiccator.

. Vithdraw a Jdu

.
o
h

plicate s~mple in the same manner.

&, Rerove one conper plate from the desiccator and weigh quickly.

I nocrssnry, chip off parts of melt. The weight of the sample should
b bgtwécn 0.239 g. and 0.249 g. (Care must be taoken to weigh quickly
boeruso of the hygroscopic nature of the sample). Transfer the somple
o oo titration flask containing 50 ml. of 0.1 N NaOH measured from a
burettc, ond reweigh the copper plate.

H, 2d 3-4 drops of phenclphthalein as an indicator. Ir the so-
Intion is not red ald more 0.1 N NaOH from a burette and titrate with
0.3 H HyS0y,

I, Duplicate onnlyses should be run.

T%., Coleul-tinns

% uF = 1. brse x N-ml. acid x N) (20) (100)
s B = (wt, scmple in g.) (1000)

The procision of the method. should be £ 0.2 per cent.
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TESTING RESIST..NCE OF ‘NODES

This is ~ method for testing the resistance of carbon anodes

used in the

O

C-216 generators. The resistance is mcasured with a

resistonce meter.

L. ‘omarotus

Nosistance meter — Leeds and Northrup meter No. 5430-4 or other

simil r instrument should be used.

. .
n h
o s et o e -

. Leasure the resistance between the base of the anode post

(%) snd position Gy, C2, C3’ and Ch'

. Change one conncction to position B and measure resistance
to G, Cs, Cg, and Gy, C) should equal BC .
C. llensure resistance of lcads.

D. The resistance of any carbon must be less than 0.016 to

A

. oims. DResistance of C1 = uCl - resistance of lead.

E. Lif a resistance of 0,016 or more is found the carbon mast
ha renlaced.

<

. Tasts are necessary before placing new anodes in generators

ant whon old ones are removed. Carbons on both sides of anodes must

b~ bes

Ul

taed.
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. "N'LYSI5 °F SE'L POTS FOR HpSOy

his is . method for the detarmination of HéSOA in Seal Pots by

titrition with stancard H2OH,

ngonts - (For vrennration, sce the reagent section. The

manbor rufers tu solution number in reagent section).

C.1 1 NaOH (1) Stancariize accurately against potassium acid
ahthrlinte,

T, Procodure

~e Dmzn valve on pot and drain out about 15 ml. (Wear o face
shicid an¢ rubbor gloves in this operation).
~ke ~ 5 ml. somple dilute to 500 ml. and teke a 10 ml.
nortion of the Jiluted solution and titrate with 0.1 N NaOH using
‘ vhenolphthaloin zs indicator.
ITI. Colcul tion-

N 4
ir cont purity 50, - (e Na0K) (D) (0.049) (100) (50)

(5) (1.87)
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DETERI'IN TION OF HF IN iBSORBER T2'Y¥S

This is a method for the determinction of HF in NaF absorber
tr-vs by titration with standard NaOH.

I. Rengonts - (For preparation, see reagent section. Number

rofors to solution nurber in reagent section).
0.1 N Na0H (1) Standnrcize accurately against potassium
~edd phth-lote.
B. 0.3 N Hy80, (2) Stancsrdize accurately aghinst the above
Na Dl selution.

IT. Procedure

A

Tr'we representative sample from o larger representative sample
taken from every other tray.

B, "aiph n serple (about 0.2 g.) into 50 mi. of 0.1 N NaOH. .

A phenolphthnlein. If the indicator Joes not turn red add more NaOH
from o burette until it does.
C. Heat to 90° C,
2, DBack titrate with 0.3 N stoh.

I77. Calcul-tions
/Tl NaOH x N) - (ml. HpS0, x N)/ (0,020) (100)
wt. sample

Pir cent HF =
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ANALYSIS OF C-216 FOR HF, 02 AND G-74

This is a method for the determination of impurities in C-216.
Trhe C-216 is converted to Cl, and is determined by absorntion in NaOH
and icdom-tric titration. The HF is absorbed on NaF and titrated. The
02 is Jdetermined by absorntion in pyrogallol after removal of the HF
and C-216. The inerts are determined by difference.
L. oparatus_

A, The apnaratus used is shown in Figure 1.

B. ‘sbestos ploves and safety glasses must be worn while the ras
is reing samoled.
II. Reagents

(For'prepafatien see reagent section. Number refers to solution.

nurber iﬁ reagentvsection).

A, NaF pellets - Use special reagent grade 1/8" NaF pellets
suoplied by the Harshaw Chaﬁical Co.

B, NaCl - Use granular reagent grade NaCl dried for 24 hours at

C. NaOH 5% - (6) Dissolve 50 g. of NaOH in 1 liter of distilled
water.
D. C.1 N NaOH - (1) Standardize accurately with potassium acid

nhthalate.

E. 0.3 N Hy50, - (2) Standardize against 0.1 N NaCH.

F, 01N Na28203 - (4) Stancardize accurately with C.,100 N

K20r207 scluticn.
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(¢) 6 N Acetic Acid - (7) Dilute 344 ml. of glacilal acetic
acid to 1 liter with distilled water.

IIT. Procedure

A. TFill tube 5 with 10 g. of NaF pellets and hold in place with
rickel or monel screen. Dry the tube thoroughly in oven before use.
Place cle-n evacuated sampling bulb in line. Fill absorber 10 with

e e v e e at

250 ml. of 5% MaOH, and put tube 5 in place in the line.

B, Sampling is done from *hree points. They are: (1) In the
absor—tion room (a) before HF absorber (b) after HF absorber: (2)
On storage tank (there is also a third valve irmediately off the
generator but this is used véry infrequently). In Figure 1 A and B,
valve 1 represents the valve on the sampling line. Attach flare
connection of sampling manifold to sampling point. (Tne type of
sammling connection will depend on whether the absorber or storage
tank is being sampled. If the absorber is being sampled use the
valvinspg svster shown ‘n A of Figure 1. If the storage tank is being -
sarpled use the valving system shown in B of Figure 1). Attach the
analysis apparatus C to the_end of the sampling connection. ;

C, If sample is taken of absorber, open valve 1 and 2 and cen—
tinue with section D. If sample is on storage tank, close valve 2,
open valve 1 about 1/8 turn and open valves 3 and 4 just enough to

get a2 flow of ras. (Test flow of gas with splint to determine rate

of flow. The flow should be such that the splint is barely ignited.)

Close valve 4 and open 2', continue with Section D.
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D. Open 7 irrediately after 2 or 2' is opened. Stopcocks 8

and 9 z2re closed to all directions. If the absorber is being

sampled the pressure of the gas in the syster is just slightly above
atmos—.ric (about 1 in?h of water) so an aspirator is needed. Adjust
11 so that the flow is amproximately 5 liters per hour. (Some experi-
renting may be recuired to get this gas rate since it is hard to re-
gulate flow through a fritted glass disk). If the storage tank is
being samnled the nressure will be about 30 b.s.i.g. so no aspirator
is nceded. The flow should be regulated by adjustment of valve 3.

E. Allow gas to flow for 15 minutes. Open stopcocks 8 and 9 and
purge stopcocks into side arm. Be careful not to introduce any gas
into the bulb at this point.

F. Close 7 and purge side arm for 5 minutes. Open 7 and close
8 and 9 to evervthing. After a minute SLO'LY open 8 to line and

allowr gas to be drawn in; care must be taken that the liocuid in 10

i

o
RS
-

HoT SreiEn BACK,
AR S SRR

03

‘men gas starts to flo at norral rate, open 9, close 7 und
murge: Tor 45 minutcs. To shut down the run the following procedures'
are used:

(a) If th: absorbor is being sampled: Close stopcock 9,
then stopcock @ and at the same time adjust 11 so liquid does not

rise in bubblecr.

Break connection from bulb after stopcock 9, open 11,

and close valve 1,
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(b) If the storage tank is being sampled: Close stopcock 9,
then stoncock 8, open 7, close 1, and then close 7 when bubbling stops.

H. Remove bulb, close clamp 12. Remove tube 5 and put a cap on

T. HF determinction - In a neutral mortar add from 2 burette 50
nl. of 0.1 N NaOH, Add 5 drops of phenolphthalein as indicator.
Brpty contents of tube 5 into NaOH. lacerate thoroughly and back
titrate with 0.3 N H,50,. Occasionally more caustic must be used.

Run & blank on the pellets. The blank is usually negative. Liters
( 1. > -
P (at STP) = (22.41)(rl. NaOH x N = ml, HpSO, x N)
1000

J. Clp Determination (C-~216) - Dilute contents of flask 10 to
500 ml. and take = 10 ml. sample. Add 4-5 g. KI and 15 ml. of 6 N
HAe. Titrate from brown to colorless with 0.1 N Na,S,04.

Liturs Cly (at STP) = E%%g%é% (ml. NaySsCs) (N NapSp03) (50)

Te this value must be added the volume of Cl, found in the bulb.
Determinstion of O2 and G-74. - This portion of the analysis

is exSremelvr wulnerable to error; therefore, great care must be

cxercised in carrying it out.

‘iklow temperature of the bulb to come to room temperature and then
caualize the pressure by ooening the stopcock to atmosphere momentarily.
ittach a 1l-veling bulb “o one stopcock and £ill with 5% NaOH. Open
stoneock 0 side srm and ellow some NaOH solution to pass from leveling

vulb into side arm to rcmove bubbles from tubing. Then allow NaOH to

flow into the bulb. Sheke until there is no change in volume. Connect
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athor stopcock of bulb to orsat, purge orsat line with G-74 and pass
gns into orsat. Recad volume of gas in orsat (designated as "orsat
snrplc”), If volume of gas is small make up to approximately 3C ml,
With‘?—7h (desifned as "diluted volume"). Absorb Op in alkaline

prrorallol and note orsat readings

Diluted volume - orsat reading after pyrogallol = ml. O
(P”PHZO) (273) (3)
(760)(T)

Grsat sample - ml. Oy = ml. G=74
(P - Pyyo) (273)

M. Oy (at 5TP) = (ml. 02)

11, =74 (at STP) = (ml. C-74)

(760) - (T) ‘ (&)
P 27
1. Cl, (at STP) = /(Vol. bulb - PPH20 (orsat sampleﬂ%%gﬁ—%
P
(5)

This volume of Cl, must be added to volume found in part 9

(Geuation 2).

£ = barometric pressure, Pypp = vapor pressure of H0 at temn.

absolute tomp. (PA)

i

IV. _ srlewlntions
A, From titration of NaF nellets: -
(22.41) (rl. NaOH x N - ml. HyS0, x N) (1)

Liters HF (at STP) = oy

' B, From titration of NaOH at exhnust:
.. (22.06 .
Liters Cl, («t STP) = 13665y~ (ml. Na,S,03) (N NaySy03) (50)  (2)

C, From bulb ~nalysis:

(P'Pﬁzo) (273) (3)

#1, 05 (2t STP) = (ml. abs. by pyrogallol)

(760)  (T)
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T
!

'1. 6=74 (~t STP) 'LKOrSCt sample - ml. obs. by pyrogallol)

i
(P-Py o) <f>73>1
% (760) @) (4)
- P_P Py (27
}"' 'R (" N N — 3 - H 4 . an %—l—-y
L. (1~ (~t STP) /Vol. bulb -5y ‘20 (Orsat s.nple)7- 760 Ty (5)
Tetal vol. (STP) = ml. Cp (STP) £ ml, C=74 (STP) £ ml. Cly (STP)  (6)
0
~ulb d’ On \?];l—-.p-&)‘.‘(l (')) : (7)
“~  total volume
) (m. C=74) (100)
tulb @ C=T4 = T 0ta] volume (8)
(rml. Clo) (100
bulb % Cl, = = 2) (190) (9)
. totol volume
D; Tho final mnalysis is calculated as follows:
Total liters Clp = Vol. Cly from eq. 2 £ Mk Clz from eci 5 (10)
100C
Total liters Oy = (bulb % 0,) (total liters Cly) (11)
, ' (bulb % Clg)
Totnl liters G-7i = (bulb % G-7s,) (Eotal liters Clp) (12)
| bulb % Cly
Pinn’ volwme = total liters Oy £ tot-1 liters G-74 # total
Ziters HF # total liters Cl, (13)
- )
w50e1 7 Ce216 T (to?r}.}lt\rs Clz) (100) (1)
Final volume
. . (tofal liters HY) (100)
tnel b HR = <
Finel b HE Final volume ’ (15).
Pigal 0, _ (total liters 02) (100) (16)

Final volume

Fin 1l % O-74 = (tot:l liters C- 7, (10C)

Finol volume
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Sermle calculation:

A. 50 ml. of 0,0987 ¥ Na"H were added to the pellets in the
mortar, 10.52 ml. of 7.2993 N HZSOL were reouired for back titration,
Bv equation (1)

Tt vs HF (a2t 87TP) =

(22.41) /T50 x 0.0937) - (10.52 x 0.2993)/
= 1000

Liters HF (at STP) = 0,040 1,

83, The sclution in flask 10 was diluted to 500 ml. and 10 mlf of
this solution was taken for titration. The titration reouired 44 ml,
of G.1C30 N Nap 5004,

Bv countion (2)

%-g—g%- (44) (0.1030) (50)

2.5 liters.

Liters 012 at STP

1]

Liters Clz ot STP
C. Fror bulb annlvsis
= 750 @, He, T = 300° A, VP Hy0 = 26.74 mm. (at 300° 4,)

volume of bulb

362 rl.

4.3 ml. = volume of gas after NaOH (orsat sample)

Tris sample was diluted to 30 ml. with G=74 (dilute volume)

T volumc of the gas after the pyrogallol was 28.8.

30 - 28,8 = 1.2 rl, = ml. Oy

(1.2) (20T (2

1,04 m, -

From equation (2)

11. O (st S™)

1. 05 (~t aTP)
From cou~tion (4)

L.8 -~ 1.2 = 3,6 ml, = ml. G-74
¥1, 07l (at STP) = (J. 6) (750 = 26.74) (273)

(760) (300)
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11, =74 (at STP) = 3.1 mi.

From ecurtion (5)

02 - (750 - 26.78) (4.8)  (750) (273)
R (- ) (

1, = 267 ml.

<

[

.
4 le
Prom equation (6)

Total volume (ST°) = 1.04 £ 3.1 £ 267 = 271.14 ml.
From wcu~tion (7)

0 on
Bulk %4 Op = (‘1"‘5.‘['?‘1‘).{‘1%‘“) = 0.4

From ccurtion (8)

. T G = l._)—- o/ T /4
bulb % G-T4 ST, 1.17

Yyom equation (9)

. (267) (1) '
Bulb % Clp = '~ AL C 98.5%

D, Finnl analysis
Fror ecurtion (10)

Total liters Cly = 2.5 # 2oL = 2,8 liters

For cauation (11)
o 2.8) _
T.tal liters Oy = (V.4) Tgg.5) - O-OL
ror eru~tion (12) '
. 2.8
Total liters G=74 = (L1) “8.5) = 0.03
From eourtion (13)

Finsl volume = ©.01 £ 0,03 £ 0,04 £ 2.8 = 2,88

Frow counrtion (14)

ON
Pinnl 7 C-216 = ‘(‘2"%‘;‘1““2' = 97.3%




G-
From ecuntion (15)

Finnl % HF = Q__@%__%p_l = 1.4%
Fror cquation (16)

Fine 50, = {QOLUL0) . o 5
From egqurtion (i’?) |

Fin~l /& =74 = (w‘%‘jgg@ = 1.0%

4.1f
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[ETERMINATION OF C-216 IN CONDITIONINC GASES

This is a method for the determination of C-216 in G-74 by the
liberation of iodine by C-216, from KI solution. The iodine is titrated
with standard sodium thiosulfate using starch as an indicator. This

method can also be used when there is C-616 and HF in the gas.

'I. Apparatus o

A. Sample bulb ~ One liter sample bulbs with adapters as shown in
Figure 1 are recuired.

B. Ten mi. automatic burette with reservoir,

C. KI dispenser - A 200 ml. round bottom flask with a tube fitted
with 13/9 female spherical joint on the bottom. (See Figure 1).

D. Sample buggy - the sample buggy shown in Figure 2 is used to take
samples.

$OMT, PO ™S_AND DON'TSZON,

1. Don't move a buggy if the lines are evacuated.

2. Do oren the valves to a&mit air into the manometer before moving.

3, Don't fail to take a leak rate on all connections before sampling.

L, Don't use«Apiezén-Q'té stop a leak; however, it may be used to
find a leak.

5,. Do your best to stop leaks by tightening the couplings.

6. Don'ﬁ remove a stuck pump and install a new one.

NOTE: A buggy with a stuck pump shows that the trap is exhausted.

7. Do return buggies with stuck pumps to ¥orks Laboratory Field

Office, 303-10, for repairs.
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8. Use two wrenches for tightening flare fittings.
NOTE: Use of only one wrench may twist tubing or break the
buggy manifold.
9. Don't open the manometer to a vacuum quickly, as this may pull
mercury into the lines. |
10, Don't bend the copper tubing leading from the buggy to the

sampling point. Disconnect it completely when moving a buggy.

II. Solutions Recuired

A. 0.2 N Sodium Thiosulfate - Dissolve 50 grams of analytical re-

- agent grade Na28203‘5H20 in distilled water. Add 2 grams NaOH and

dilute to 1 liter with distilled water.

Standardization: -Prepare a 0,100 N potassium dichromate solution
as follows: Dry about 10 grams of finely ground analytical reagent
grade KyCrp0q in'an oven at 110° C; for at least two hours. Weigh out
4.903 grams of the cried salt, dissolve in distilled water and dilute
in a volumetric flasi to one liter.

Dissolve 2-3 grams of KI in 200 mi. of distilled water and add 10
ml, of 1:1 HCl, Measure accurately, from a burette into a glass
stoppered flask containing the KI solution, 60<80 mi. of the 0.1 N
potassium dichromate, and allow to stand for a period of 5-10 minutes.
Titrate with the Na23203 solution until the solution is light yellow.
Add 2-3 ml. of starch indicator and titrate to the disappearance of the

blue starch color. (A4 slight green color will remain).
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Calculation:

(ml. K,Cro0n) (0.100)

N Nay5,05 =
25293 ml. Nay5p03

B. Ten per cent KI - Dissolve 100 grams of analytical reagent grade
KI in 900 ml, of distilled water.

C. Starch Solution - Mix 5 grams of soluble starch thoroughly with
a little distilled water. Pour the paste with constant stirring into
500 ml. of boiling water. Allow to cool and add 10 grams of KI.

D, Acetone.

E. MPFI Grease.

III. Procedure

ﬁ. Testing buggy for leaks (this procedure should be carried out
whenever buggy is used. 4s a rﬁle, no leaks will be found and the pro~-
cedure will not take but a few minutes).

WHEN OPERATING BUGGY AND CLASS BULBS ARE UNDER VACUUM, SAFETY GLASSES
MUST BE “ORN. '

1. Close all valves.

2. Connect the huggy to sampling point and ﬁlug in pump cord
on 110 volts A.C.

3. Start vacuum pump. Open valve E.

4. Open valve B slowly, taking care that no mercury is pulled
into the line from the manometer. Allow system ta pump
until the pressure is less than 5 mm. absolute.

5. Close valve B and watch manometer for evidence of leaks.

(a) If there is a leak, close valve §, and watch manometer

for indications.of a leak. Indications of a leak here
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show that the connections to the manometer are not
tight. Tighten carefully, if leak does not stop, get a
new buggy and retufn'the old buggy to Vorks Léboratory
Field Office, 303-10, for repairs.

(b) 1If closing valve E stops the falling off of the manometer,
check valves %, C, Cl, and D. Open valve E again and
see if the leak was due to a valve which may have been
opensd slightly.‘ If there is still a slight leak or if
there wag not any leak at the beginning, proceed with
the following testing.

6f Open valves D and B and evacuate the purge bulb.

7, Close valve B and wastch manometer for indication of leaks.

(a) If there was a leak indicated in (b) of step 5, and no
indication of a leak at this point, then valve D leaks
through the seat. lake a notation of this, if leak
was very small (5 mm. per minute or less), the buggy
can still be used. If there is still a leak, but it
is much siower, indications are that valve U and the
purge bulb are not leaking.

(b) If there was not a leak before and there are indications
of a lezk now, the bulb leaks and the buggy should be
sent to Works Laboratory, Field Office, 303-10 for
repairs.

() If there are not any leaks, proceed with Step 8.
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9.

10,

L2
B

Close valve D, open valves 4 and B, making sure that the

valves on the line recorde;.manifold or other sampling

point are closed.

Close valve B and watch manometer for leaks.

(a) If there was a leak in Step 5(b), and there is none
now, valve A leaks through the seat. Make a notation
and report the fact to thé supervisor, The buggy can
still be used.

(b) If there was a leak in Step 5 (b) and there is still
about the same leak, proceed with Step 10. If the leak
seems greater, tighten the flare fittings and check the
valves on £he sampling point. Proceed with Step 10.

Close valve A and attach bulbs to fittings above valves C

and Cl. Make sure tﬁe stopcocks and the spherical joint are

well greased with MFI grease.

Open valves C, ct and B, evacuating the short lines between

valves C, Cl and the stopcocks on the bulbss

Close valve B and watch manometer. for leaks.

(a) If there was a leak indicated in Step 5 (b) and no
leak now, then either valve C or'Cl leaks through the
seat. Close both valves and open the stopcock on the
bulb over valve C, If there is a2 leak through the valve
C, it will show on the manometer. If there is not a
leak, open the stopcock on the bulb over valve Cl. If

there is a leak through this valve,. it will show on the

manometer,
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(b) If there was a leak indicated in Step 5 (b) and it
continued whether valves C and Cl were Qpened or.
closed, it can be assumed that the buggy manifold is
at fault. If this is the case, take the buggy to
Works Laboratory Field Office, 303-10, for repairs;

(e¢) If no leaks were found in all 12 steps, the buggy is

| ready to tzke a sample.

(d) If there was a leazk in Step 9 (c), isolate it in the
following manner:

Disconnect the copper tube from the sampling
maﬁifold at the manifold and plug up the end of the

copper tube with a rubber stopper. Open valves A and B,

close vzlves C, Cl and D and evacuate the line. Close
valve B and watch manometer for a leak., If there is a
leak, tighten the flare fitting connecting the copper
line to the buggy. If this does not stop the leak,
close valve A, disconnect the copper line and check the
flare for cracks. If there is not a leak, connect the
line back to the sampling manifold after first looking
for o defective flare at this joinf. Then evacuate

the line, close valve B and watch manometer. If there

is still a leak, use some Apiezon-Q over the fl:re
fittings. If this stops the leak, tighten the flare

comnections and remove the Apiezon-Q. If this does not

O
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remove the leak, the valve on the samnpling manifold is
at fault. No@ify the supervisor of this fact. If the
system is now tight, the sample may be taken.
B. Cleaning qf bulbs
1. Rinse the bulb thoroughly with distilled water..
2. Rinse the bulb with acetone and wash MFI grease off the
stopcock and the ground joint with acetone.
737 Blow the bulb completely free of acetoné liquid and vapor
with dry G-7% .
L. Regrease both the stcocock and ground glass joint with MFI.
C. Procedure for Taking C-216 Sample |
. 1. Opeﬁ all valves¥ except the valve on the sampling manifold.
NOTE: 'When set up at a line recorder station, open the
valve on the sampling manifold, but be sure ‘the valve on
the loop is closed. Check with line recorder operator,
2. let system come to equilibrium. This recquires 5-10 minutes.
3, Read the manqmetef (both sides if it is a U-tube) record the
Apressure (1f the manometer is a Y-tube, record the difference).
This is the starting pressuré..
. - he Clos; valves C, Cl, and D, Close valve B, open'valve D,
and have operator open sampling valve. This purges the
line into the metal bulb.
5, When pressure reaches equilibrium, about 1-2 minutes, close

valve D and open valve C or'Cl'and allow gas to fill bulb.

* If only one bulb is being used valve C or CL, at whichever point the
bulb is attached, is opened while the other valve remains closed.
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Close valve A and read thc pressure (both sides if using a
U~tube manometer).

The difference between this pressure and the starting pressure
is the pressure of the sample. Important - the saemple
pressure is to be recorded in millimeters of mercury.

Close Etopcock and have operator clese the sampling valve.
Open valves A and B, and D, evacuate the lines, then close
valve C or C* (whichever one the sampling bulb was attached
to). |

Remove the bulb. Record the time, temperature, pressure and
vo.ume of the bulb.

If there was a blue flash or flame in the bulb during Step 5,

evacuate and start over.

Analysis of C-216

Fit the male spherical joint on the bulb into the female
joint of the KI dispenser.

Pour about 50 to 100 ml. .f 10 per cent KI solution into
dispenser.

Open stopcock on dispenser if it has one. Then open stopcock
on bulb and allow all of the KI solution to flow into the
bulb. Close stopcock on bulb as soon as air begins to hiss.
Remove bulb from the I dispenser and shake bulb well, about
2-4 minutes, or until the white fumes in the bulb disappear.

Place bulb in cork ring with stopcock up. Open stopcock

and wash inside of adapter with distilled water.
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6. Fill burette with 0,2 N sodium thiosulphate solution.

7. Remove adaptef from bulb and titrate the liberated lodine

| with thiosﬁlfate to a light yellow, then add starch indicator
and continue this titration to the point where the solution
turns from blue to colorless.

8. Record the volume of thiosulphate used..’

% C-216 =

Calculntions
To calculate the percentage of C-216.
(22,400) '
20-216 = (ml. NapSp03) (N Na,S5p0,) (72000 ) (100)
(Volure of buib) (Pressure in mm.) 273 )
) ( 760 ) (Rbsolute temperature)

Combing the constants in the above equation into one factor (F)

p = (¥ NapS,04) (22,400) (170) (760)
(273) (200¢

Therefore,

4 216 = (F) (ml. NapSy04) (absolute temperature)
' (Volume of bulb) (Pressure in mm.)

Sample cnlculation:

Temperature cquals 27o C.=300°4

Volume of bulb = 1020 ml.

Pressure = 142 mm,

MI. thiosulfate used = 9,15

The normality of the thiosulfate is 0.1982

Substituting this value into the above equation:

p = (Q.1982) (22,400) (100) (760)
(273) (2000)

618 .1 00
1020 142

= 618

C-216 = 11,7 per cent.
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DETERMIN TION OF HF IN C-216 AiND G=74 MIXTURES

This method is for the determination of HF in C-216 and G=T74 mix~
tures. The gas is reacted with water and the resulting solution
 titrated with standard alkazli. It is to be used in conjunction with

the cnalysis for C-216.

I, aoparatus

Same a2s used in sampling and analyses of C-216, Refer to "Deter—

min~tion of C-216 in Conditioning Gases."

IT. Reagents

A. 0.1 N NaOH

Weigh 4.5 groms of analyticcl reagent grade NaOH (pellet)
on a trip bnlence, dissolve in 100 ml. of distilled water, and dilute
to one liter.

Standardization: Dry 10 grams of primﬁry standard potassium
acid phthalate in an oven for at least two hours. ‘eigh accurately
three portions of approximately 0,9 groam potassium acid phthalate on
an analytical balance, Treat each portion in the following manners:
Dissolve the potassium acid phthalate in 50 ml. of CO,-free water in
a 250 ml. Erlenmeyer flask. Add 2" drops of phenolphthalein indicator
and titratc to a faint pink color with 0.1 N NaOH.

Calculation:

rams potassium acid phthalate
N NaOH = W
B. 6.1 N HCl
Add 8.5 ml. concentrated HCl to 500 ml. distilled water. and
dilute to one liter. Standardize against the standard 0.1 N NaOH

solution using phenoiphthalein as an indicator.
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Calculation:

(ml. NaOH) (N NaOH)
NECL = Tl FCL)

C. Acetons

D, MFIL greasec

1T7I. Procedure

The sample is taken immedintely after s C-216 sample; so it is
assumed the buggy is leak tight. In other instances, however, test for
lenks in the same way as outlined in procedure for C-216 analysis.

A. Cleaning of Bulbs

1. Rinse bulb thoroughly with distilled water.
‘2. Rinse bulb with acetone and remove MFI grease from stop-
" cocks and glass joints with acetone.
3, Blow bulb completely free of acetone liguid cnd vapor with
ary G- .
L. Regreasé both the stopcock and ground glass joints with
MFI.
B, Taking of Sample
1. Follow sempling procedure outlined in C-216 analysis and
take enough s~mple to change the pressure 100-125 mme.
2. Remove bulb, recording temperature, pressure of sample,
and volume of bulb.
3. 1V’ou::- about 125 ml. distilled water. into KI dispenser.
L. Aillow about 100 ml. of water to run into pulb taking care

that no air gets into the bulb.
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5, Shake bulb for about 2 minutcs, until the cloud disappears
completely.
' 6. 4dd 25 ml. 0.1 N NaOH from a pipet to the dispenser and then
into the bulb. It may be necessary to add another 25 ml. to make the
solution alkaline.

7. Rinse the aispensef several times with small portions of
distilled water, until a drop of phenolphthalein remains colorless
when added to the water, and add to bulb. -

8. Shake bulb vigorously for five minuﬁes,

9. Titrate solution with 0.1 N HCl using phenolphthalein

as indicator.

IV, Calculations

C-216 pcr cent previously determined on a separate sample.

Total % HF = (NN2OH) (ml. NaOH - nl, He1) (22.4) (760) (T. °A) x 100
" = Pres., 273

1000 (vol. of bulb in L

(Original HF and that formed by reaction of C-216 and water).

% HF = Total % HF ~ 2(C-216 %) (issgp%ng 111 F from C-216 is converted
‘ to HF
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FLUORIDE DETZRMINATION TN SPENT CARBM™ AND ACTIVATED ATUMTNA

Fluoride in the samples is converted to a soluble form by alkaline

fusion.

The fluoride is separated as hydrofluoric acid by distillation

from an acid solution. The hydrofluoric acid is received in dilute alkali., -

Buffer is added and the solution is titrated with standard thorium nitrate

to a pink end point using sodium alizarin sulfate indicator.

Apparatus and Reagents:

10,

11.

12.

Sulfur-free powdered sodium peroxide.
Powdered c.p. potassium'perchlorate.
Powdered c.p. benzoic acid.

Sodium carbonate, c.p. anhydrous.
Sulfuric acid, concentrated.

Sodium alizarin sulfonate solution - 1 per cent.

: Hydrochloric~acid solution, approximately 0.05 .

‘Sodium hydroxide solution, approximately 1 per cent.

lionochloracetic acid buffer solution - Dissolve 38_g. of mono-
chloracetic acid in 100 ml. of distilled water. Neutralize 50
ml. of this solution with sodium hydroxide; combine with the re-
mainder of the solution; and make up to 200 ml..volume with dis-
tilled water.

Thorium nitrate solution, approximately 0.1 N.

Standard sodium fluoride - Prepared from recrystallized sodium
fluoride. -

The combustion bomb - The Parr coal sulfur bomb, or its equivalent
should be used’for.thé fusion of spent carbon. A nickel crucible

should be used for the fusion of activated alumina.
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A, Preparation of Spent Carbon Samples:

1. “bigh 1 g. of potassium perchlorate and 0.3 g. of benzoic acid into
a dry sulfur bomb. Add 0.5 g. of the sample and mix thoroughly with
a glass rod.

2. Add amproximately 15 g. of sodium peroxide, close the bomb, and mix
thoroughly by shaking.

3, Remove the bomb cover, and place about 0.5 g. of potassium perchlorate,
and about 0.1 g. of benzoic acid on top of the charge so that the
igqition wire can come in contact with it.

4. Fasten the cover securely to the bomb and ignite the charge by
electric ignition. Allow a few minutes for complete combustion to

" take place after ignition, then cool the bomb under tap water.

5. Remove the cover from the bomb; place the bomb on its side in a 400
ml. beaker and wash the cover with a fine jet of hot distilled water.

6. Place a watch glass over the beaker, and. cautiously add about 100 ml.
of hot distilled water. After the contents of the bomb have dissolved,
remove and rinse the bomb carefully with the distilled water.

7. Filter through “hatman No. 41 filter paper and wash several times
with distilled water.

B., Preparation of Activated Alumina Samnles:

1. Place 2 g. of the powdered sample in a nickel crucible, and add about

five or six times as much sodium carbonate. Mix thoroughly with a

glass rod, and heat over a gas flame until the mixture is molten.
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Remove the crucible and its contents from the flame and allow 1o
cool thoroughly. Transfer the fused mixture to a 4LOO nl. beaker
using hot distilled water. (Although most of the alumina is not
affected by the fusion, any fluoride which may be present is con-

verted to sodium fluoride which is dissolved in the hot water.)

Filter through cualitative filter paper and wash the insoluble

residue several times with distilled water. If the volume of the

filtrate is over 150 ml. evaporate it to 150 ml. on a hot plate.

Distillation of Iluoride:

Neutralize the filtrate containing the fluoride with concentrated
sulfuric acid and add about 10 ml. in excess. Transfer this solution
to the distillsztion flask which is connected to a condenser through
a suitable splash trap and heat the flask with a gas flame.
Collect the distillate in a 400 ml. beaker. During the distillation
keep the outlet>of the condenser bensath the level of the distillate
in the receivér;
Wnen the temperature has reached 125o ¢., connect the distillation
flask to a source of stear and complete the operation as a steam
distillation.
Collect about 200 ml. of the_éistillate between the temperatures of
125° C. - 140° C., keeping the distillate slightly alkaline to
phenolphthalein by adding 1 por cent sodium hydroxide solution to
the_receiver as needed.

Caution: Do not allow the distillation temperature to exceed

o ~ . .
150" €. because interfering substances may be distilled above this

temperature.
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D. Titration:

1. Transfer the distillate to a 5M0 ml. volumetric flask and make it up
to volume withidistilled water.

2. Pipgtte a suitable aliqﬁot into a 100 ml. Nessler tube and dilute to
anproximately 90 ml. with distilled water. (From the quantity of 1
per cent sodium hydroxide needed to keep the distillate slightly
alkaline, one may cstimate the appropriate aliquot to be taken for
titration).

2. To the aliquot add 2 drops of 1 per cent sodium alizarin sulfonate.
This will impart a pink color to the solution.

L. Add 0.05 N hydrochloric acid dromwise to the sample until the
solution becomes pale grecn, then add 2 drops in excess. Add 2

drops of monochloracetic acid buffer solution.

5, Titrate the buffered solution with standard thorium nitréte
solution until the first pink color sppears. Record the volume
of thorium nitrate required.

6. Determine the fluorine equivalent of the thorium nitrate solution

" by titrating a known amount of standard sodium fluoride solution-

made from reervstallized sodium fluoride against the thorium nitrate
solution using sodium alizarin sulfonate as indicator. The same
procedurc is used for this titration as in Steps 1 to 5 above.

Calculations:

1. T x A= mg. fluorine in aliquot
T = ml. standard thorium nitrate required to titrate sample aliquot
A = fluorine eaquivalent of standard thorium nitrcte solution (determined

in Step 6, Part D above) oxpressed .as mg. of fluorine eguivalont to ‘

one ml. of standard thorium nitrate solution.
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. . ; Total volume of sample solution _ % fluorine
Mg, fluorine in allquot X = folume of aliquot _ in sample

Sample weight (mg.)

137, 2 . 13 . >
'eight- of sample 4 fluorine in sample = % fluorine in mixture

Yeight of mixture
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VALYSIS OF FURIACL GASLS

By use of special gas bulbs we control and determine concentration of
C-216, 0Op and HF used in conditioning of units. 4lso, we detect presence of
C=-216 in special tests.

Apparatus:

Gas sampling bulb
Clamp
Séfcty sample apparatus
Hot porosity apparatus
Final porosity apparatus
Reagents:
10% KI
0.1 N NapSp03
Starch indicator solution
Bromthymel blue indicator solution
Approximately 0,01 N NaOH
Approximately 0,01 N HC1l
Phenolphthaiein
Procedure:
| 0-216 analysis (KI method)

Sampling Schedule:

Sample #1 - 10 minutes after initial addition of C-216. -

Sample #2 - 20 minutes after C-216 addition completed.

The concentration of C-216 mist be 103 or more; if not, arca must add

4

0.2# C-216 for every 1% C-216 is low.
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A check sample should be taken after C-216 addition.

Samples are to be taken cvery 2 hours after second sample (rcgardless of

now many check samples on C-216 addition are required) until final sample.
The concentration of C-216 must be above 5%; if not, it must be brought
to 6% with C-216 similar to addition procedure in sample 2.
Sample #3 - Final sample when notified by Area. #nalysis for c-21§,

O» and HF required.

Sampling Preocedure:
1. Choek bulb amd use if clean and dry. Cleaning is ac complished by
washing with TCE, Hp0, CSR, Hp0, cleaning solution, HZO’ in that
. order; rinsed in alcohol and acetone, and dried on vacuum set-up.

2, Check and see if Stokes pump is onj if not, notify operator.

3. Attach bulb with clamp to sampling connections.

L. Open Stokes pump valve (Vacuum system) to maximum vacuum. Attach
rubber hose to bottom of bulb., Check vacuum.

5, Open bottom and top stopcocks and evacuate bulb for 1 minute.

6. After a minute close bottom stopcock and open C-216 main sampling
valve, Collect sample,

7. Closc main sampling valve and open bottom stopcock. Evacuate bulb
as in st.cp' 5, This is to purge line completely.

g, After bulb is cvacuated close bottom stopcock and open C-216 mag.n
sampling valve znd collect sample, Turn bottom stopcock one full
turn and close -~ after 15 seconds close top stopcock, and then '
main C-216 sampling valve, Road pressurc frbm furnace panel,

Note: (Subtract O.4 lbs. from furnace pressure and record answer

as final pressure.).
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Place hose on upper side arm of bulb and evacuate sample line,
This is to eliminate any C-216 that is present. 3hut Stokes pump valve.
9. Remove tulb from connection, first removing rubber hose.

Note: (Place rubber nipple on glass sampling joint.)

Analysis of C-216

Attach rubber tube from KI reservoir to bottom of bulb., Purge side arm
of bulb. admit KI solution to bulb., Close bottom stopcock and shake bulb
until dense white fog in bulb disappears. Wash sample into beaker with KI
solution, Flush bulb with KI solution until solution in bulb is colorless.

Note: (On final sample lsave small'amunt KI in bulb to act as

seal, Prevent air from entering bulb, ) .

Titrate sample with 0.01 N (approx.) Nas5303 solution (using starch
solution as indicator) until solution turns from blue to colorless. . Record
titration data in proper place on' work sheet. Save solution for HF determina-

tion.,

Note: (Fill buret to zero merk aiter recording titration data; also

check zero at beginning of titration.)

Calculation of C-216

1, (m1. Na25203) (normality NaZSZOB)(ll.Z) = Vol. C-216 at standard

conditions.

2, (Bulb vol.) (b‘llbw)(_zz) = Vol. sample at standard conditions.
- (1.7 )(298) ~ :

(ml. Nas$,03) (normality NagS504) (11.2) (1. 7)(298) -
3. FC~216
- (bulb volume){bulb pressure)(273)

L. (ml, Nan5,03)(facter)

(bulb vol,)(furnace pressure) #-216

Note: (#4 is a simplification of 1, 2 and 3.)
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Analysis of HF

4dd 10 ml. of 0.05 N NaOH solution, (excess wanted is indicated by blue

color remaining permanent for 15 minutes on using bromthymol blue as indicator)

to solution from C-216 eanalysis, Back-titrate with 0.05 ¥ HCL to end-point:

blue changes to pale green.

Calculation of HF:

1. (ml. NaOH - ml. HC1)(N)(22.,4) = vol, HF at standard conditions.

2. (Bulb vol.) Efurnace press-%%gzz = vol. sample,

7 298
; (Vol. HF)(100) . euF

Vol., sample

L (ml, NaOH - ml, HC1)(factor) . %uF
‘ * (Bulb capacity)(bulb pressure)

Note: (#4 is a simplification of 1, 2 and 3.)

Analysis of )

Attach sampling bulb saved from C-216 analysis to three-way stopcock on
O, gas analysis apparatus. Fbrce gas in bulb into apparatus. Measure volume
of gas in gas buret. Record data. Absorb O2 from gas by passing into pyro-
gallol solution and measure volume of residual gas. When volume of residual
gas becomes cénstaht record data, |

Calculation of 02:

vy = Original volume of gas in buret.

V2 = Volume of gas after O2 is absorbed, (constant volume).

1. Vy - V2 = Volume of Op

2. (Bulb vol.)gfurnace gressure% - Volume of sample
14,7 -
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- (vol. 05)(100) o

3 (vol. sample) = ” )

» (Vg - V2)(14.5) - %0,

(Bulb vol.)(furnace pressure)

Note: (L is 2 simplification of 1, 2 and 3.)
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WEIGHT PROCEDURE FOR DETZRMINATICN OF HF IN FURNACE GASES

1. Check bulb ard use if clean and dry, Cleaning and drying is done by
washing with TCE, wrtor, clefning solution, water (in thet order) rinsing
in alcohol and acetone, and drying on vacuum set-up. Use MFI grease
instead of C~21L4 for stopcocks. |

2. Apply vacuum to upper side-arm to remove any ioose MFI, Evacuate with

‘ small vacuum pump for about 5 minutes, weigh bulb to 4 significant figures.

3. Clamp bulb on male joint with top and bottom stopcock closed, Open vacuum
valve ard attach tubing to upper side-arm; with upper stopcock still
closed open main sampling valve (C-216 main valve). Purge ;hrough side~
arm and then turn stopcock around to let sample \.C-216) into tulb. Shut
off vacuum valve and take pressure reading. This should be sufficient
time for pressure of gas iq furnace and bulb to be equalized, Close
C-216 valve and purge line through side-arm and remove bulb.

Take tulb with sample in it up to main laboratory and re-weigh.

Record differences in weight and run regular titration for C-216, HF

a.nd 02 .

Calculation for HF:

[al. 5§eUH) (Normality NaOH) - (ml, HC1)(Normality HC1)Y(0.020)(100). %HF by
Weight of Gas weight

(ml., NapSp03)(Wormality NapS;04)(0,019) . (100)
Weight of Gas | |

= %C-216 by weight.

100 - (#HF by weight £ #C-216 by weight) = ®%G~7L4 by weight.

(ZHF)
(“35)

74 @;2&6 y e ~ %HF by volume
28
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FLUORIDE DETERMINATION

Solutions

1. Thorium Nitrate
lake up a solution of correct normality for titrating the amount of
fluoride present and standardize with NaF,

2. Alizarin - Red-S Indicator
Use 0,25 g. Sodium Alizarin Sulfonate per liter.

32, Reference Color Standard
Two solutions are used and a new reference can be made at any time

when necessary.

Cobalt Nitrate (Hexahvdrate)

10.0 g. per liter
Potassium Chromte (substituted for Tetrahydrate Sodium Chromzte)
0.109 g. per liter (inhydrous was used).
Color Siandard
10 ml. cobalt solution
10 ml. chromat¢ solution
30 ml. water
4s Chloroacetic Acid Buffer Solution
I, M Monocholoracetic acid solution.
5 N Sodium Hydroxide.
Neutralize'lO ml. 4L M monochloroacctic acid with 5 N NaOH
(phenolphthalein indicator). ‘hen add 10 ml. 4 M monochloroacetic

« acid and dilute to 40 ml.

Make up fresh every two weeks. pH = 2.8
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5. Nitric Acigd

Make up solution using 1 part HNO3 and 20 parts water.

Sample Size znd Freparation:

Wcigh a half-gram sample, place in a 500 ml. standard distilling flask
wihich contains 100 ml. water and 30-~35 ml., sulfuric acid, Conre ct a water-
cooled condenscr and insert a two-hole rubber stopper, which holds the ther-
mometer and a thistle tube or dropping funnel so that additional water may be
added. The distillate is received in an open beaker of distilled water. The
thermometer and thistle tube must extend well below the surface of the liquid.
If a thistle tube is used = comnection must be made to allow for the dropwisc
addition of water. The condenser must extend below the surface of water in
receiver,

In the éistilling flask placc a large amount of finely broken soft glass
to act as boiling stones and,érovide a source of silica. If a large amount of

fluoridc is present more glass should be used.

~

Distillation

Apply heat gradually until the temperature rises to 145°C, collccting the
distillate in the open beaker, Add water dropwise keeping the temperature
betwezn 136° and 145°C. Continue the addition of water until 300-ml. of water
has boen added, changing the receiver when nccessary. After the final addi-

tion of water allow the temperature to rise to l50oC. Stop the distillation.

Titration of Distillate

Neutralize the distillate with 0,5 N NaUH and evaporate to 20 ml. if




LT
~3-

there is a very small amount of fluoride present. If a larger amount is
present make up to convenient volume in a volumetric flask and toke zn aliquot
for titration. ‘

To titrate with Th(NOB)h use a 125 ml. Erlenmeyer flask for titration.
Select aliquot size so that the sample will titrate between 5 and 45 ml.
Ta(NO3)y, if possiblﬁ. Dilute the sample if necessary to make finel titration
volume approximately 50 ml. add 15-20 drops Alizarin Red-S indicator. Neu-
tralize sample to light pink with 1:20 HNOB. Add 10 drops chloroacetic acid
vuffor solution. The solution is then a light yellow. Titrate with ™ (No,),

to the reference color standard.

The blank is an indicator blank on water. It is not necessary to run
this after each titration. Run only onc on cach new solution.

The factor is the grams F~ cquivalent of the Th(NOB)h solution.

g. F = (md. - blank) (factor)

g7 o (Lo FlVol. of dist,)(100)
= Taliquot)(wt, of sample)

Liguids

If a liquid sample is used the same .procedure is followed except the
sample is mcasured with a pipet. The sample should be within the range of
5-8 pH bofﬁre’the addition of acid for distillation, The size sample 1s sc-
lected according to the amount of fluoride present.
Calculations:

F~ g+ . = (titration - blanky (factor)

F~ ge/L = (F_g. )(Volume of distillate%(lOOO}
(aliquot) (i1, of sample
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apparatus Necessary for Distillation

1. Flask - J3tanderd distillation, 500 ml.

2.. Condenser - Water ccoled, 18-2l inches long.

3. Receiver - Beaker, 250400 al. |

. Thermometer - Centigrade, 0-250°

5, Thistle Tube with glass"bubing connected by rubber tubing and a

pinch clamp to control addition. (Dropping funnel may be substi-
tuted.)




100 ML CAPACITY
FLASK >

FLUORIDE DISTILLATION APPARATUS

47
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FLUORIDES IN SETTLING TANK ~ DISPOSAL PLANT

Pipette a 1 ml. sample into a 125 ml. Erlenmeyer flask con-
taining about 40 ml. of distilled water; mix. Add 15 drops
Alizarin-S indicator, (The sample will turn a purple color).

Add diluted nitric acid (1:20) until the coler changes to a

light pink. Add 10 drops buffer solution, (ifonochloracetic
Acid) to a straw yellow color. Titrate with Thorium Nitrate
to end-point, (Value matching with reference standard).
| Calculation:
Allow 0.15 for blank
Eqe wt, X titr. = F (mg/1.)
Teke pH of titrated sample. Record.
Take turbidity using gray filter. Record reading.

Note: Solutions and indicators are made as per directions in

"Distillation of Fluorides - Tentative Procedure'.
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QOIL ANALYSIS

The nllowing ans!—ses are carried out using ASTY methods.
furber reis ¢ cthod in "A.8.T.K
Number after analysis refers to number of metnod 1n "A.0.t.be

Standards, 1942 Edition".

Viscosity (Saybolt) D 88-38

Viescosity (£inematic) D 4,5-42 T lethod B
Neutralizatioﬂ Number D o663-42 T

Flash Point (Open Cup) D 92-33 1,2,3,4,6

~asn Point (Closed Cup) D 93-42

Tire Point D 92-33 1,2,3,5,6
Pour Point D 97-39

Carbon Residue D 189-41

Ash D 482-38 T

Specific Gravity D 287-39

Precipitation Number D 91-40

A:dimentation Number D 96-140

“ater D 95-40

{=lorific Value D 240-39

Sulfur v b 219-39
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‘ COAL ANALYSIS

The following analyses are carried out using ASTM methods.
Furber after analysis refers to number of method in "A.S.T.M.

Standards, 1942 Fdition".

Loisture D 271-42 Sections 4,7
Asn _ D 271-42 . 10,11
Volstile latter D 271-42 13,14
Sulfar D 271-42 21
Calorific Value (Parr

calorimeter) D 271-42 LO,41
Crindability D 409-37 T
Screen analysis 'D 410-38
®
-
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CREASE ANALYSIS

The following anzlvses are carried out using ASTY methods.

Murber after analysis refers to number of method in "A.S.T.lL.

Standord, 1942 Edition',

Consistency D217-38 T

Dromping Point D 566-42

Viscosityr D 88-38

fsh D 128-40 Section 5
01l D 128-40 ‘ 15
Fattr acid (soap) b 128-40 12
Fatt~ acid (free fat) D 128-10 T
Inorganic residue D 128-40 10
isphalt or tarry matter D 128-40 17
Free acid D 123-40 20
Yater D 128-40 21

T . 1ting Point D 127-30
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REACENTS RENUTRED .FOR ~' TSR N’LYSES

Sulfuric acid (‘oprox. 4.3 N) - Add 50 ml,'concentrated reagent

grade sulfuric acid to 366 ml. distilled water.

Sulfuric acid (Lipprox. 2 N) - Add 110 ml. concentrated reagent

grade sulfuric acic slowly and with stirring to approximately

1 liter of distilled water in a 2000 ml. volumetric flaske Cooi
to about room.temperaiure and make up to 2000 ml. mark with
distilled Water.v

szroguinone-SZ%l - Digsolve 2.0 grams hydroguinone in 100 ml‘w
2 N H,yS0;, (2),

Carbonate-Sulfite Solution - Dissolve 250 grams anhydrous sodium

carbonate (or equivalent) in 1 liter distilléd water. Dissolve
37.5 grams anhydrous sodium sulfite in 250 ml. distilled water:
Add the sodium sulfite solution to the sodium carbonate solution:
Yolybdic icid Solution - Dissolve 10.0 grams finely ground
ammonium molybdate in 200 ml: 2 N HyS0) (2).

Hvdrochloric .icid (‘pprox. 3 N) - .dd 260 ml. concentrated HC1
to 740 ml. distilled water.

Hydroxylamine Hydrochloride (10%) - Dissolve 10.0 grams NH,OH.

HCL in distilled water and dilute to 100 ml.

Ortho~Phenanthroline (0.1%) - To 1.000 gram ortho-phenanthroline

(weighed on amalytical balance) add about 500 ml, hot distilled
water. Yhen dissolved, cool to room temperature and dilute to
exactly 1000 ml, in a 1000 mi. volumetric flask. Glassware must
be scrupulously clean to avoid discoloration of the solution.

.mmonium Acetate (30%) - Dissolve 300 grams reagent in distilled

water and dilute to 1 liter.
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12.

13.

14.

15.

-2 5.4
Sodium Thiosulfste (.025 N) - Dissolve about 6.2 grams NasS;03. ‘

5 H>,0 in distilled water and dilute to 1 liter. Standardize
against 0.025 N K20r207 as follows: Pipette exactly 25 mi. 0.025

N K3Crp04 (11) into a 500 ml. beaker containing 100 ml. distilled
water, 5 ml. concentrated HCl, 1.2 grams KI. Let stand in the

dark 5 minutes, dilute to 400 mi., énd titrate with the thiosulfate;

add 1 ml., starch solution (15) near end of titration.

N NanS~0 - 0.625
; azsz 3 mi. N8,25203

This solution should be restandardized every two weeks.

Potassium Bichromate (0.025 N) - Dissolve 1.2259 grams K,Cr0q,

which have been previously ground and dried at 110° C. in distilled

water and dilute to 1 liter in a volumetric flask.

Potassium Permanganate Solution - Dissolve 6.32 grams KMn0O; in

distilled water and dilute to 1 liter. Xeep in dark bottle. I

Manganous Sulfate Solution - Dissolve 480 grams MnS0) . 4 Hy0

or 400 grams LnSOj.2HZ0 in distilled water, filter, and dilute
to 1 liter.

‘1xaline Potassium Iodine Solution - Dissolve 700 grams KOH or

500 grams NaOH and 150 grams KI in distilled water. Dilute to
1 liter,

Starch Indicator Solution - Mix 1 gram soluble starch in a small

amount of cold water to form a thin paste. add with stirring to

100 ml. boiling distilled water. ~hen cool, add a few drops of

chloroform.
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17.

18.

19.

20.

21.

2.

23.
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Potassium Chromate Indicator Solution - Dissolve 2.0 grams of

KCr0, in 100 ml. distilled water, add dilute 5gNO5 solution (34)
until a slight red precipitate of 1.g50r0; appears. illow precipi-
tate to settle, filter, and use filtrate for indicator solution.

‘mmonia Solution (1 to 5) - Dilute one part reagent grade ammonium

hydroxide (sp. gr. 0,90) with 5 parts distilled water.

Sodium Diethyldithiocarbamate - Dissolve 0.1 gram sodium diethyl-

dithiocarbamate in 100 mi. distilled water. Keep in dark bottle.

Sodium Bydroxide (0.2 N) - Dissolve 8.0 grams NaOH in freshly

boiled distilled water and make to 1 liter. Standardize by
titration against a carefully weighed 1.0 to 2.0 gram portion of

potassium biphthalate.

(z. biphthalate) (4,.897)
N NaOH = ¥, NaOH

Caleium Chloride Solution - Dissolve 7.55 grams CaCly (anhydrous)

in distilled water and make up to 100 ml.

Borate solution - Dissolve 7.4k grams boric acid in exactly 500

ml. of 0.2 N NaOH (41) and make up to 1 liter with distilled water.

Ammonium olybdate Solution - Dissolve 10,0 grams finely ground

(NH, ) MonOny «4Hs0 in distilled water and make to 100 ml.
), )gfonO2y, +bH2

Hydrochloric ‘cid (\ipprox, 6.3 N) - .dd 60 ml. concentrated Hc1

to 40 ml. distilled water.

Ammonium Molybdate Solution - Solution .: Dissolve 125 grams
(NHA)6HD7024.AH20 in 240 rl. distilled water. Add 140 ml. con—
certrated NH, OH, 60 ml. concentrated HN03. Solution B: Dissolve
LOO mi. concentrated HNO3 in 960 ml. distilled water and cool to

room temperaturc. <dd Solution = to Solution B. Let stand 24 hours

and filter if necessary.
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26.

27.

28’

29.

30.

31.
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Nitric ‘cid (Approx. 1%) - Dissolve 10 ml. concentrated HNO3 in

500 ml. distilled water.

Potassium Nitrate Solution (1%) - Dissolve 5 grams KO3 in 500 ml.

distillecd water.

Phenolphthalein Indicator Solution - Dissolve 1.0 gram phenol-

phthalein in 200 ml. 50% alcohol. (To make 50% alcohol, dilute
105 ml. 95% alcohol to 200 ml. with distilled water.)

Liethyl Orange Indicator - Dissolve 0.5 gram methyl orange in 1

liter of distilled watcr.

Hydrochloric Acid (0.5 N) - Add about 43.0 ml. concentrated HCl

to 500 ml. distilled watcr and make to 1 liter. Standardize

agninst standard NaOH solution (19) using phenolphthalein (27)

as an indicator. .
N HC1 _ (1, NaOH) (N NaOH)
_‘ N.l. &'sCid

Barium Chloride (10%) - Dissolve about 100 grams C.P. barium

chloride in distilled water and dilute to 1 liter.

Sulfuric icid (0.02 N) - Fill a calibrated five gallon bottle to
the 18 liter mark with distilled water. Add 10 ml. concentrated
HZSOA and mix thoroughiy. Titrate against accurately standardized
0.02 to 0.0L N NaOH solution and adjust volume so that the resulting
acid solution will have a normality of 0.02.

Sodium Hydroxide (ipprox. 0.02 N) - Dissolve analytical reagent

grade MaOH in distilled water in the proportion of 0.8 grams per

liter of solution.
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33. Potassium Oxalate Solution (2%) - Dissolve 20 grams K,C50, .H0

in 1 liter of distilled water.

34. Silver Nitrate Solution (0.0172 N) - Dissolve exactly 2.9220

grams silver nitrate in distilled water and make to 1 liter in a

volurctric flask. Keep in dark bottle.

35, mmonium Molybdate Solution - Dissolve 8.2 grams of ammonium

molybdate in 200 ml. distilled water. In another container
dissolve L1 ml. concentrated HQSOL in 500 ml. distilled water.
idd the acid solution to the molybdate solution, mix thoroughly,
and make to one liter with distilled water.

36. Stannous Chloride (Concentrated Solution) ~ Dissolve 112.825

grams SnCl, in 1 liter concentrated HCl.

. 37. Stannous Chloride (Dilute Solution) - Dilute 5.0 ml. of concen-

trated stannous chloride solution (36) to 100 ml. with distilled

water.

38. Stock Soap Solution - Dissolve 80-100 grams pure powdered castile

soap in 1 liter of 80% ethanol, let stand overnighﬁ and decant.
Determine lather factor by adding stock soap solution drop by
drop from a burette to a 50 ml. portion of freshly boiled and
cooled distilled water contained in an 8 oz. sample bottle,
shaking beﬁween additions. ‘hen sufficient soap solution has
been added to produce a lather which remsins over the entire
surface of the water for 5 minutes, record the ml. of soap

solution used as the lather factor (L,F.).
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Standard Soap Solution - Pivette 25 ml. standard calcium carbonate

solution (40) and 25 ml. freshly boiled and cooled distilled water
into 8 oz. sample bottle, and titrate to a 5 minute lather with
stock soap solution. Let "K" represent ml. stock soan solution
used. Then 40 (X < L,F.) = X. Dilute X ml. stock soap solution
to 1 liter with 80% ethenol prepared by diluting 840 rl. 95%
ethanol to 1 liter with distilled watcr. This is known as the
standard soap solution. Determine lather factor for standard soap
solution in the same manner as for stock soap solution (38) and
record value on bottle.

Standard Calcium Carbonate Solution - Dissolve exactly 0.5000

grams purc calcium carbonate in about 5 ml. of approximately 3

N Hel (6). ’dd about 40 ml. freshly boiled and cooled distilled
water and add NH OH until slightly alkaline to litmus. take to
exactly 500 ml. with freshly boiled and cooled distilled water.
One ml. = 1 mg. CaCOs3. Hardness 1.0 p.p.m.

Y.ethyl Red Indicator Solution - Dissolve O.1 gram methyl red in

60 ml. nleohol. Dilute to 100 ml, with distilled water.
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RECIRCUL TING wATER " NALYSES

I. Determination of ketaphosphatc (Poal

This determinction of metaphosphate 1s based upon & conversion
of metaphosphate (POE) to phosphate (POZB) by refluxing with sulfuric
acid. The total phosphate is then determined by adding molybdic acid,
reducing the phosphomolybdic acid with hydroguinone, and detcrmining
the molybdenum blue colorimetrically. Phosphate is determined in a
1ike marmer on an unboiled water sample and the value obtained sub-
tracted from the total phosphate.

Run all tests in duplicate.

Procedure:

1. Filter sample through “hatman parer No. 42 (or equivalent).

2. Pipette 50 ml. filtered sample into 200 ml. Erlenmeyer flésk and
add 10 ml. 4.3 N Hy80, (1). |

3. Reflux for four hours and allowrto. cool to room temwerature.

L. Transfer very carefully to 250 ml. volumetric flask.

5, dd 5 ml. molybdic acid solution (5) and 5 ml. 2% hydroguinone
solution (3). |

6. .1llow to stand 5 minutes and add 15 ml. carbonate-sulfite
reagent (4) and shake until effervescing ceases.

7. lake to 250 ml. mark with 2 ¥ HyS0; (2).

8. Using red filter, (c, 610 mu) read transmission on Photelometer

using distilled water for blank.

9, Find p.p.m. total POZ3 from Figure 1l.
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10. Repeat procedure omitting step 3 to get p.p.m. original PO, ~.

11. Ppm. PO; = 0.83 (p.p.m. total POZ3 - p.p.m. original POZB.

II. Determination of Solids

4. Suspended Solids

1. Shake water sample until homogeneous.

2. Filter 100 ml. sample through a tared fritted Gooch filter.
3. Dry two hours in oven at about 103° C. and weigh,

L. P.p.m. suspended solids = (M. gain in g.) (10,000).

B. Total Dissolved Solids

1. Evaporate without actively boiling, 100 ml. filtered sample in
a tared 250 ml. beaker or Erlenmeyer flask.

2. Dry for 2 hours in oven at 103° C. and weigh.

3. P.p.m. total dissolved solids = (Wt. gain in g.) (10,000).
C. Totzl Solids

1. P,p.m. total solids = p.p.m. suspended solids # p.p.m. dissolved
solids.

III. Detcrmination of Total Iron
This colorimetric determination of iron is based upon the
formation of a very stable colored complex by ferrous jron and ortho-
pherianthroline. The concentration of ircon is determined by use of a
gravh.
Procedure:

1. -dd 1-2 ml, concentrated HNOB to 100 ml. of sample and evaporcte

to dryness,
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2. To the residue add 1-2 ml. 3 N Hc1 (6) and warm on water bath
until residue is dissolved. Jivoid evaporation to dryness by
addition of small amounts of water if necessary.

3. "hen dissolved, dilute with a small ~mount of water (10-15 mi.),
filter into a 100 ml. volumetric flask, washing filter with
several small portions of water.

L. 4dd 1.0 ml. 10% hydroxylomine hydrochloride solution (7).

5, lix and allow to stand 1-2 minutes.

6. idd distilled watcr to bring volume to approximately 50 ml.

7. dd 10 ml. 0.1% O-phenanthroline solution (8) and mix.

8. 4dd 10 mi. 30% ammonium acetate solution (9) and mix.

. 9. Dilute toAm':’.rk with distilled water and mix.
10. Using blue filter (i, 410 mu) r-ad percentage transmission on
Photélometer using distilled water for blank.

11. Read p.p.m. iron directly from Figure 2.

1V. Determination of Dissolved Oxygen

This determinotion is based upon the dissolved oxygen uniting with
manganous sulfate under the conditions of the test to give manganic
sulfate. The manganic sulfate rcleases jodine from potassium iodide.
The iodine is titrated with sodium thiosulfate using starch as an
indicator. Collection of sample:. Use a sampling device provided for
this purpose.

Procedure:

‘ 1. Place completely filled sample bottle in a bucket containing

same water as sample. The top of sample bottle rust be well

beneath the surface of the water.
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2. HRemove stoppecrs carefully and add to the sample in the bott;e
beneath the surface of water, 0.7 ml. concentrated HQSOA and 1
ml.fﬂﬁﬁm solution (12).

3. Insert stooper and mix by inverting sampe bottle.

L. #1low to stand 20 minutes.

5. If a noticeable excess of K¥nOy is not present, add 1 ml, more of
Km0, solution (12). |

6. Lot stand 20 minutcs and destroy excess KMn0), with 1 ml. K;C20,
solution (33). ’ -

7. Add 1 ml. InSO, solution (13) and mix. Then add 3 ml. alkeline
KI solution (14).

8. Allow ppt. to settle, add 1 ml. concentrated HpS0, and mix well.

9. Remove sample bottle from bucket or tank, measure out 200 ml.,

and titrate with NaySy03 solution (10) using starch (15) as
indicator necar end of titration.

10. P.p.m. dissolved oxygen = (1. Na28203)0(g22ma11ty NapS203)

V. Determination of Silica

This determination is based upon the formation of yellow silico-
molybdic acid, a highly colored substance suitable for colorimetric
analyses when silica reacts with ammonium molybdate.

Procedure:
1. To 100 ml. of water sample add 50 ml. borate mixture (21) and

2 ml. CaCly solution (20).

2. Stir vigorously and allow to stand for one hour.

3. Filter through Vhatman's psper No. 42 (or equivalent).
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L. Pipette 50 ml. of the filtrate into a beaker, add 50 ml, dis-

tilled water.

5. 4dd 2 ml. ammonium molybdate solution (22) and 1 ml., HC1
solution (23)ﬂ

6. 1low to stand 10 minutes, then read the percentage transmissicn
on the Photelometer. Use the blue (4, 410 mu) filter and use
distilled water for comparison..

7. Rsad p.p.m. silice (Si02) directly from Figure 3.

VI. Determination of Copper

iddition of sodium diethyldithiocarbamate to an ammonical solution

of cupric salt invdilute solution produces a brownish yellow colloidal

. suspension suitable for colorimetric comparisone.

Procedurc:

1.. Filter 75-100 ml. of water through a "hatman's paper No. 42.
(The filtrate must be refiltered if necessary until clear).

2. To 50 ml., of filtered water add 5 ml. of ammonium hydroxide
reagent (17).

3, Then add 5 ml..éodium fiethyldithiocarbamate solution (18), and
mix well.

L. Bead on Photelometer using a blue filte¥ (4, 410 mu) using a

filtered portion of the original sample as a blank.

5. Determine the p.p.m. of copper from Figure 4.
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BOTLER *""TER "N 'LYSES

I. Determin~tion of Total Dissolved Solids

Procedure:

i. Filter o reoresentative sample of water through "hatman's paper
No. 42 (or equivalent).

2. Pipette 100 ml. filtsrced sample into a tared 250 ml. beaker or
flask.

3, Evaporate almost to dryness on hot plate, avoiding active boiling.

L. "hen almost dry, place beaker in oven at 103° C, for two hours.

5. Cool in desiccator'and weigh.,

6. P.p.m, total dissolved solids (TDS) = (V. gain in g.) (10,000).

II, Determinntion of Sulfate

Procedure® .

1. Yeasure 200 ml. filtered water into 400 ml. beaker.

2. 'dd 2-5 drops of methyl red (41) or methyl orange indicator (28).

3. +dd concentrated HCl until indicator is red, then add about 0.5 ml.
in excess. .void a large excess of HCl as it increases the
solubility of the barium sulfate.

L. Evaporate to about 100 ml.

5. To ﬁhe hot solution, add slowly and with stirring 10 ml. 10%
BaCl, solution (30). void rapid addition of BaCl, solution to
prevent co-precipitation of the chloride.

6. Xeep hot (just below boiling) for one hour or until the precipitate

grains out and goes to bottom.
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7. Filter through “hatmen's filtcr paper No. 42, being very careful
to remove the last traces of precipitate from the beaker. Be
sure no precipitate passes the filter.

8. Vash precipitate several times with small portions of distilled
water. Do this washing carefully going downward from top of filter
vaper.

9. Transfer filter paper with precipitate to clay annezling cup, set
in door of mufflec furnace heated to 700° C. with door open until
paper has burned off,

10. .fter paper has burned off, close furnace and ignite for one hour.,
Cool in desiccator.

11. Transfer precipitate to tared watch glass and weigh,

12. P.p.m. 50,2 = (2057.5) (g. BaSOy).

“Jternative: If preferred by the operator, the precipitate may be

burned in a tared glazed crucible which will be reweighed after ignition

and cooling to determine weight of BaSOh.

IIT, Detsormination of PN and "M Alkalinity

and Sodium Chloride
A.. In this determinatioﬁ "PM and "M" alkalinities are determined by
titration to phenolphthalein and methyl orange end points respectively.
The NaCl is determined volumetrically by titration with 4gNOs.

Procedure:

1. Filter through Yhatman's paper No. 42.
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Pipette 50 ml. filtered sample into Erlenmeyer flask and add 3
Titrate to end point with 0.02 N HZSOA (31).

“dé three drops methyl oranre indicator solution (28) to the same
Continue titration to the methyl orange end point (1ight orange).
Record total ml. acid used as "M" end point.

(ml. 0.02 ¥ Hy80, to "P") (20).

(ml. 0.02 N Hys0; to ") (20).

Back titrate the "P" and "™ sample with NaOH until just pink to
phenolphthalein and make just acid again with HgSOh.

dd one ml. K5CrQ) indicator solution (16).

Titrate with 0,0172 N AgNO5 (34) until the red coloration of
silver chromate appears. Record the ml. of silver nitrate used.
Run » blank by titrating 50 ml. of distilled water with 0,0172 N
igh0s (34) using 1 ml. KCrOp (16) as indicator. The number of

rml. AgNOB used to give the red coloration is the blank.

2.
drops phenolphthalein solutionr(27).
3.
L. Record ml. acid used as "P" end point.
5.
sample.
6.
7.
8, P.p.m. "P" alkalinity =
9. P.p.m. "M alkalinity =
10. Save sample for part B.
B. Determination of Sodium Chloride
1. A
2.
3¢
L.
5.

Ppm. NaCl = (ml. 4gNoy - blank( (20).
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AN'LYSIS OF PIPE "".SH SOLUTION - SEELEY'S SINK

This is a method for the det:rmination of phosvhate, carbonate,
and hydroxide in solution. The phosphate is determined gravimetrically

and the carbonate and hydroxide by titration with standard acid.

I. Determination of Phosphate

‘Procedure:

1. Feasure 10.0 ml. of filtered sample from a pipette into a 400 ml.
beaker and neutralize with HNO3.

2. Dilute to about 100 ml. with distilled water and add 5 ml. con-
centrated HNOB,

3. ’~djust volume to about 150 ml. with distilled water.

. L. Heat to 60° C., add 100 ml. ammonium molybdate solution (24) and

stir vigorously until the precipitate forms.

5, Keen warm for one hour, allowing precipitate to settle.

6. Filtér through a dry, tared, Gooch or sintecred glass crucible.

7. Test filtrats by adding small amount of armonium molybdate (21)
to see if more precipitate is férmed. If so, filter again and
repeat test until no more precipitatec is formed.

8. Vash the precipitate twice with 1% HNOB (25) and once with 1%
K0, (26). | |

9. Dry for two hours at 100° C. Cool in desiccator and weigh.

£y
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l 1I. Determination of Carbonate and Hydroxide

Procedure?

1. Pipette 25 mi. unfiltered sample into a 250 ml. Erlenmeyer flask.

2. Add 2 drops phenolphthalein indicatcr.

3. Titrate to disappearance of red color with 0.5 N HC1 (29).

L. Record mi. 0.5 N HCL (29) used as "P" énd point.

5. A4dd 3 drops methyl orange indicator solution and continue
titration to the methyl orange end voint.

6. Record total ml. 0.5 N HCl used as "M" end point.

7. Subtract ml. 0.5 N HCL used to "P" and point from ml. 0.5 N,

HC1 used to "™ end point. This value is (¥-P),

1"

8, Oz./pal. NagPO, = (wt. ppt.) (0.0874) (170) (0.1335),

(wt. ppt.) (1.1661).

oz./fral. NagPO,

0Oz./pal. NapCO3 = (0.1335) (0.053) ('2) (0.5) (40) [TQ=P)-(wt. ppt.)(2.5)/
- : (1.877) (0.5)

Oz./ral. Nas Coy = 0.283 ZIﬁ-P - (wt. ppt.) (2.6727
[-Gr)T[5.5] [5.0u [T [5.13357
0.1068 /P-(1=-P)/

0z./pal. NaOH

Oz./gal. NaOH
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DETERIIN TION OF 1DISTURE IN C/RBON

. ~ . .. A~ o
‘o Owon comoble of mrintaining a temperntfire of 1507 C.
B, Glass weighing bottles with tops.

T Prapesme

. Teigh cuicily a 2 to 4 g. sample into = tared glass weighing
bott Ll with top.

B, Tith top removed, dry in oven =zt 150O C. for 2 hours.
C. BRoemove from oven and replace top;
D, ©Cool in = desiccator and reweigh guickly.

T7Z. Calcul-tions

(Loss in waight) (100)

leignt of snmplo = % moisture
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DETERMIN TION OF MOISTURE IN ALUMIN:

T. . paratus

fuff1ls furnnce
Cenl moisture dishes with aluminum covers.

IT, “r-celurc

“. eigh quickly 2 2 to 4 g. sample into a tared coal moisture
“tsh.  {Do not weigh the cover),

3., Dvy sarple in muffle at 900o F. for one hour.
C. Hazmove from oven and cobl in desiccatof with cover in place.
2. “hen ccol remove top and weigh quickly.

IIT. C-icul-~tions

(Loss in weight) (100) P :
“ieight of somple = Yer cemt moisture
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. DETERMINATION OF DE'T POINTS WITH

LUCITE DEW POINT METER

This is a method for the determination of low temperature dew points

using a portable dew point meter.

I. Apparatus

4

A, The dew point meter is made up of the following parts shown in

Figure 1.

1. Meter Box - The meter box is made of lucite tubing painted
black. The top and bottom are lucite; the top is clear while
the bottom is painted black. There are four holes in the box,
’one for the orifice, cne for the cold finger, one for the

- light, and one for the exhaust. . ‘

. 2. Orifice - The orifice is made of 1/8 in. copper tubing silver
soldered to a 1/4 in. male flare to 1/4 in. male pipe union.
The copper tubing is approximately 3/L in. long, but this
length may vary. | : -

3., Cold Finger - The cold finger is made of a 1/L in. copper
tube 6 in. long with a copper disc 1/8 in. thick and approxi-
mately 9/16 in. in diameter soldered to the end. The 1/4 in,
copper tubing is silver soldered into a 1/4 in. to 5/8 in.
sweat coupling to which a 5/8 in. copper tubing 1-1/4 ine
-long has been silver soldered. The 1/L in. copper tubing
extends through the inside of the 5/8 in. copper tubing, and

is placed so that the distance between the top of 5/8 in.

' copper tubing and the plate is approximately 1/8 in.
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Running through the 1/L4 in. copper tube, and soft soldered
to the top of the copper plate is a No, 24 gauge constantan
wire. A 1/32 in. platinum plate is soldered to the copper
disk so that it makes contact with the constantan wire at
this point. The platinum is highly polished after being
soldered to the copper plate. On the side of the 1/4 in,
copper tube at the point it passes through the 1/L in. to
5/8 in. coupling, a No. 24 gauge copper thermocouple wire is
soldered. The constantén.wire is soldered to a copper wire.
to form the reference junction. The two copper wires are
soldered into a female amphenol plug for connection to the
pyrometer.

Light Finger - The light projector is m§§e of lucite. This
has an opening at one end large enough to enclose a 2.5 volt
light bulb and socket. The connections to this bulb are
soldered into a male jack plug. The other end of the finger
is about 1/8 in. in diameter and goes into the lucite box.

It extends just to the edge of the platinum plate, so that the
light shines on the plate at such an angle; that the light
appears only when the dew or moisture appears on the plati-
num plate.

The battery for the light is a 175 volt battery. The
connections from the battery are soldered into female jack

plugs. 4An arrow H and H single pole toggle switch controls

this light.
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5. Hotameter - The rotameter and bob are made of lucite. The
inside of the tube is tapered with the wide part at the top.
; Both ends of the tube are threaded to fit a 1/4 in. female
pipe to 1/4 in. male flare union. |
B. Carrying Box - The plywood box in which the meter and other parts
are carried is made of 3/8 in. plywood with compartments, for the battery,
the dewar for the reference junction, the dewar for the cold finger, the
lucite meter, and rotameter. There is also a space in the back for
carrying extra dewars, copper tubing, and valves. There is a handle on
top of box for carrying.
C. Pyrometer - The pyrometer by which the temperature is measured
is a Brown Instrument Cé. Model 1001 Indicating Millivolt Pyrometer. An
instrument calibrated for the range 0-240° C. with a copper constantan
couple is modified and recalibrated so that the range is # 32° F. to
-200° F, The thermocouple is attached with an amphenol plug to the
pyroﬁetar and a short out switeh is provided to prevent the needle
swinging when the instrument i; carried, A separate box is provided
for carrying the pyrometer.
D. Assembly of meter - The meter is assembled as shown in Figure 2.
The orifice should be about 1/4 in. from the plate. All con-
nections are made with 1/4 in. coppef tubing and flare unions. The flow
of gas to the meter is controlled by two California valves.
The exhaust is the same diameter as the orifice and passes

through the lucite at the same angle as the orifice, within 1/4 in. of

orifice opening,
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II, Procedure

A, Calibration of the meter

1,

2.

3.

b

5e

6.

Calibrate the lucite rotameter by connecting the exit of the
rotemeter to a wet test meter and pass nitrogen through both
meters at varyiné rates between 50 ml. and AOO ml., per minute.
Mark the calibrations on the rotameter at 50 ml. intervals.
Prepare a 1/4 in. copper tubg with flare nuts, long enough
so as to make 5 complete coils in a large dewar. Place the
coils so that the axis of the coil is perpendicular to the
axis of the dewar and approximately 5 in.. of each coil loop
is exposed to the air, |

Connect one end of this coil to the dew point meter through
the California valves and the other end of a cylinder of
nitrogen.,

Fi11 the dewar with crushed dry ice and trichlorethylene
making a slush. Detcrmime the temperature of this bath with
a copper-constantan thermocouple with iée reference junction.
It should be between -108° to -113° F, The temperature of
the nitrogen as it passes through the copper coil will be
lowered to within 1° F. of the temperature of the bath,
Irmerse the reference junction of the thermocouple in a

dewar coﬁtaining ice and distilled water.

Fill a small dewar with 1-28 and ‘immerse the cold finger in
it. The ratc of cooling of the cold finger may be controlled

by the depth to which the cold finger is immersed in the

coolant, The rate of cooling has no effect on the dew point.
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8.

9.

10.
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By manipulation of valves 1 and 2, regulste the .flow of
nitrogen through the meter as near as possible to 250 ml.
per minute,

Adjust the distance between the orifice and the platinum
plate so that it will be approximately 1/4 in.

After obtaining a constant flow of 250 ml. per minﬁte, watch
for the fog to appear on the plate. If it appéars before
the temperature has come to within 1° of the temperature

of the slush, the orifice and the plate are too clbse to~
gether and should be spaced farther epart. If the fog
appears at a temperature lower than the slush temperature,
the orifice and the plate are too‘far apart and should be
brought closer together. U'hen the orifice and plate have
been spacedvsé that the dew point temperature and the slush
tenperature are the same the meter is calibrated.

In case the light does not "spot" the fog, adjust the
lucite light holder to the position that will give the best
results, this may be done by bringing tﬁe light either
nearer or farther from the plate.

Once the meter is calibrated, the flow is not critical and

can be varied between 50 ml. per minute and 400 ml. per

minute without affecting the results.
If the meter is to be used in the sun light, the best results
may be obtained by covering the meter box to prevent the sun

light from striking the top of the meter. The meter light will‘

not show on the platinum plate in the presence of bright light.
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If the temperature reading drops rapidly and falls to the -
lowest reading, there is a short circuit in the thermocouple
(1.e:; the.copper tubing is in contact with the constantan
wire between the contact point on the plate and the re-

ference junction.)'

B, Determination of Dew Foint

1.

2

3.

L

5

Immerse the reference junction in a dewar contzaining ice
and water.

Attach the gas to be sampled =2t valve 1 and regulate the
flow to 250 ml, per mi?ute by adjusting velves 1 and 2.
Allow gas to flush through the meter for 10-15 minutes.
F111 another dewar with I~28 and immerse the cold finger in
the coolant. |

Watch the plate very céfefully until a spot of frost
appears on the meter and note tﬁe temperature of the dew
point on the pyrometer.

Remove the L-28, allow the metcr to warm to #32° F. and

repeat the determin~tion.
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METHODS OF ANALYSIS FOR SOLUTIONS USED IN THE CLEANING AREA

Tank H-306

5 Parts by Volume HC1.
To Determine Total Acidity: -

Vipet 23 ml. sample into a 250 ml, crlenmeyer flask and dilute wiih
distilled water to 150 ml.; add 2 drops meﬁhyl'orange. The solution will
be pink. Add 0.5 N NaOH from a buret until the end point is reached, (The |
color will change from pink to amber upon the addition of ONE drop of NaOH) .
Record the volume of NaQOk used on a report sheet, Make final report (using

graph H-306) as "parts by volume 20° Be HCL". Allowable limits 4-6 parts/vol,

Tank H-304-4

15 Parts by Volume HC1,
To Betermine Total Acidity:

Pipet 10 ml, sample into a 250 ml. Erlenmeyer flask and dilute with
distilled water to 150 ml.; add 2 drops methyl orange, The solution will be
pink. Add 0,5 N NaOH from a buret until the end point is reached, (The
color changes from pink to amber upon the addition of ONE dfop ;f NaOH)},
Record the volume of NaOH used on a report sheet. Make final report (using
graph H-304-4) as "parts by volume 20° Be HC1". allowable limits 14-16

parts/vol,

Tank H-304-B, Tank E-302, and Tank H-305

35 Parts by Volume HC1,
To Determine Total Acidity:

Pipet 5 ml, sample into a 250 ml, Erlenmeyer flask and dilute with

distilled water to 150 ml.; add 2 drops methyl orange. The solution will

be pink, Add 0,5 N NaOH from a buret until the end point is reached. "(The
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color changes from pink to amber upon the addition of ONE drop of NaOH), Re-

cord the volume of NaOH used on a report sheet, Make final report (using
graph [-304-B) as "parts by volume 20° BE HC1", Allowable limits 32-37
parts/wol.

Tank_H=307
5 Parts by Yyolume Hz’*"c,u"
L, Ounces per Gallon Na20r207.
The analysis of this tank is divided into two parts:
The first in which total acidity of the tank is determined and, the second
in which the dichromate (NaZCr207) content is determinded.

(A) To determine total acidity:

Pipet a 10 ml. sample into a 50 ml, beaker. Add 30 ml, 0.5 N NaOH

with constant stirring., Check pH on the pH meter. If the pH is below 4,
add more NaOH in drops until a pH of 4 is reached. When a 4 pH is reached,
record volume of NaOH used., Nake final report (using graph H-307 for
Hy30,) as "parts by volume 66° Bé HyS0, " Allowable limits Le5~5.5 parts/voll-

Note: If the pH is above 4 on the first measurement with pH meter,
take a new sample and add iess.than 30 ml, NaOH, depending upon ‘the pH
indicated by the meter,
(B) To Determine Dichromate Cont;ent.

(1) Preliminary - Add 50 ml, 0.1 N FeSO, to a 250 Erlenmeyer flask
from a buret. Titrate this sample with 0.1 N KinQy, At the end-point the
clear FeSO,_'_ solution will tum to a 1ighb» pink color upon the addition of

one drop. Record the volume of KinO ), used. (Daily Standard Sheet). .

(2) Final - Pipet a 5 ml. ‘sample of H-3Q7 <-to a 250 ml. srlenmeyer

flask, Add 50 ml, C.1 N FeSOh from a buret ~Thd shake, Now titrate with
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0,1 N KnO, until the end point (a KMn0, coloration in the gray solution)
is reached, Subtract the ml$. KuinOy, used in this titration from the ml,
KMnOy, used in the preliminary titration and record the difference on the
report shoet. Make the final report (using graph H-307 for NaZCr207) as

"ounces ;or gaiion NasCrpOn". Allowable limits 3'.5 to he5 0z./gals

Tank H-303 and Tank E-309-A

6-8 Ounces per Gallon CSR Cleaner;
To Determine Total Alkalinity.

Pipet a 25 ml, sample into a 250 Erlenmeyer flask and dilute with
distilled water to 150 ml. Add 2 drops phenolphthalein indicator. The
solution will be pink, Titrate with 0,5 N HCl to the end-point (the
solution will tum colorless upon the addition of ONE drop of HCl). Record
mls. HC1 used on report sheet., lake final report (using graph H—BbB) as

"ounces per gallon CSR Cleaner®, Allowable limits %-8 oz./gal.

Tank H-302-A and Tank E-303-A

6 Fluid Ounces per Gallon Ammonia.
To Determine Total Alkalinity. |

Pipet a 25 ml, sample into an Erlenmeyer flask and dilute with.
distilled water to 150 ml, Add 2 drops of methyl red indicator. The so-
lution will be amber. Titrate with 0,5 N HCL until one drop of HC1 will
change the olor to pink. Record ml, HC1l used on the report sheet. Make

final report (using graph H-303~A) as tfluid ounces 26° Bé NHhOH per gallon,

Allowable limits 5-7 fl. oz./gal.
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D~301 Degreascr,

To Determine pH,

Using & pint bottle remove approximately equal volumes of degreaser
solvent from both ends of the tank. Take 100 ml, of the solvent and 100 ml,
- of distilled water and put in separatory funrel, Inser£ the ground glass
stopper and s hake well to mix contents thoroughly. Allow to stand for at
least 15 minutes. By means of the stopcock allow the dark lower layer to
run off into the sink drain, Pour some of the liquid remaining in the
funnel into a 50 ml., beaker until the beaker is approximately 2/3 full,
Using the pH meter; determine the pH and record the result on the report
sheet, |

Note: Leave electrodes immersed in the liquid for only a very short

time. As soon as the pH is determined, remove the electrodes from the liguid

and wipe off immediately.

For A1l Water Tanks;

Determine turbidity and pH of these samples. Record the results of

these determinations on the recport sheet,

For Watcr Filters and Sanitary Water:

Determine turbidity and pH on these samples and record results on -

report sheet,

For Effluent Drain:

Determine pH by using pH meter.
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All SC-10 Tanks
10 Parts by Volume Sodium Carbonate.
To Determine Total Alkalinity:

Pipet a 10 ml, sample into an Erlenmeyer flask and dilute to 150 ml,
with distillcd water, &dd 2 drops methyl orange indicator. The sclution
will be yellow. Titrate with 0.5 N HC1l until the end-point is reached,

(The color changes from yellow to burnt orange upon the addition of ONE drop

of HCl). Record the mls, HCl used on a report sheet, Make final reﬁort.

(using graph for SC-10) és percent Na,C04.
| Determine pH on these samples by using pH meter.

Tank V=11
Rinse Tank.
To Determine Total Alkalinity:

Pipet a 100 ml, sample into an Brlenmeyer flask and dilute with

distilled water to 150 ml,

Follow procedure for SC-10 tanks, Use graph for W-11,

Determine pH by using pH meter.
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DETERMINATION OF IMPURITIES IN CLEANING TANKS

DETERMINATION OF IRON IN CLEANING SOLUTIONS

Put a 10 to 100 ml. sample (according to iron content) into
a 600 ml, beaker. Add 2 ml. of O.5 N stannous chloride solution.
Boil for about 2 minutes. From a pipette add enough conc. KMnOj
to produce a yellow color. Quickly drop in stannous chloride until
the last drop just discharges the yellow iron color. Add 3 more
drops. Let cool for 5 minutes. Add 10 ml. of 0.5 N mercuric
chloride solution. Wait 5 minﬁtes. 4dd 15 ml. of 0.5 N manganous
sulfate solution and enough water to almost f£ill the beaker.
Titrate with 0.1 N KMnQj to a faint pink end point. (The pink
color should persist for 15 seconds or l§nger).

Calculation:

% Fe = (ml, KMnQ,)_(0.05584) (300)
: ml, of sample

DETERMINATION OF METALS IN CLEANING SOLUTIONS

Hydrochloric Acid Solutions.
A - Iron.

Place a 100 ml. sample in a 40O ml, beaker and add 5 ml.
bromine water as an oxidizing agent. Boil the solution until
excess bromine has been removed, The color of methyl red indi-
cator is destroyed by the tromine, but when the bromine is re—
moved the indicator will retain its color, Heat solution to
about 70° C. and add 6 N. ammonium hydroxide until the solution
just turns yellow or until a faint odor of ammonia is present.
Allow the precipitate to settle; wash several times with hot

water by decantation. Transfer the precipitate to the filter

with the aid of 2 rubber policeman.
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Wash precipitate on filter with hot 2% ammonium nitrate solution until free
from chlorides. Save the filtratc. |

Dissolve .the precipitate with hot HCl and catch the solution in a
clean beaker, Evapora'te‘ until 5ust enough HC1 remains to hold the iron in
solution. Add stannous chloride until solution is completely decolorized,
but avoid using an excess of stannous chloride, Cool to room tenperature
and add 10 ml, mercuric chloride solution (saturated) to remove any excess
stannous chloride, Dilute the solution to about 250 mi, after about 5
minutes, add 20-25 ml, of manganese sulfate-phosphoric acid solution and
titrate with 0,1 N potassium permanganate solution to a pink end-point,
The colorétion" should persist for 15 seconds; Take care to add the perman-
gan_ate a drop at a time near the end-point, éllmving the coloration to.dis-
appear after each drop is added, |

The amount of iron present. is calculated as follows:

(ml. 0.1 N Kn0,) (0.005584) = "g. Fe in sample

B, Copper,

tfse the filtrate from the iror; determination for the copper deter-
mination, 4dd ammonium hydroxide until ammonia odor is evident in the
soiution or until it shows an alkaline feaction. Filter the solution and
wash until the ‘blue color is removed from the filter paper, Acidify with
glacial ac;etic acid (5-10 ml,), 4dd 30 ml, 10% potassium iodide solution
and 5 ml, starch solution, Titrate the liberated iodine with 0.1 N sodium
thiosulfate solution to the point at which one drop destroys the blue color.
Note: It is advisable to add 1/2 ml, more of KI solution; if a blue color

results add more 0.1 N sodium thiosulfate solution until the color is des-

troyed.
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The amount of copper present is calculated as follows:
(ml, 0.1 N Na23203) (0,006357) = g. Cu in sample,

C. Nickel,

& sample should be taken so that the'nickel content does not exceed
0ol g« A 10 ml, sample should be sufficient for'the determination, add
one or two g, tartaric acid to the sample to prevent the precipitation of
iron, aluminum or chromium; add 5-10 ml. 10% ammonium chloride solution,
4dd ammonium hydroxice until the solution shows an alkaline reaction or
until the odor of ammonia is evident in the solution. If a precipitape
forms, add ammonium chloride solution until the solution remains clear.
Heat to nearly boiling and add the alcoholic solution of dimethylglyoxime
until this reagent is seven times, by weight, the weight of nickel present,
4dd ammonium hydroxide until the odor of émmonia is distinctly cvident in
the solution., Stir to hasten the precipitation of the scarlet-red nickel
dimethylglyoxime salt, Place solution on steam bath for fifteen minutes.

Filter the procipitate through a Gooeh crucible prepared with an
asbestos mt (or through a similar filtering device) and wash the preci-
pitate. Dry the crucible and its contents at 110°-120°C in a drying oven
for two hours. Weigh the precipitate which contains 20.31% Ni.

The amount of nickel present is calculated as follows:

(wt. of precipitate) (0,2031) = weight of nickel- present.

SULFURIC ACID - SODIUM DICHROMATE SOLUTIONS
Ae Iron,
See procedure 1-i (Iron in HCl Solutions).

Note: Save filtrate from iron ppt,
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B, Copper.
See procedure 1-B ‘(COpper in HC1 Solutions).
C, Nickel.
See procedure 1-C (Nickel in HC1 Solutions).
D, Chromium,
Pipet a 10 ml. sample into a 500 ml, volumetric flask and dilute
to mark with distilled water. Mix well., From this flask, pipet a 10 ml,
sample into each of two 250 ml. Erlenmeyer flasks and dilute to approxi-
mtely 150 ml, with distilled water, Mark the two flasks 1 & 2. '
(1) Chromic acid determination
To the Erlenmeyer flask marked #1 add 2 g ammonium bifluoride
to climinate the offect of the iron present in the solution. =~dd
15 ml. concentrated HCl, Then add 10 ml. potassium iodide solt_xtion
(100 g/liter KI and 1 g/liter KOH), Titrate the liberated iodine
with 0.1 N Nap5,04 until the green color of the chromatc predom-
inates over the brownish-red free iodine color, hdd 5 ml.
prepare ' starch solution and continue the titrat:}on until the
blue color of tvhe starch solution is jus*t'; destroyed. Care must
be taken not to confusc the groen color of the chromate with the
blue color of the si;,arch. Record the volume of NayS304 required
for the titration, |
The amount of chromium present may be calculated from:
1 ml, 0.1 N Nay5,05 = 0,001734 g, chromium
> (2) Total chromium determination.
To the Erlenmeyer flask marked #2 add 0.2 g. sodium peroxide

and boil the solution for 20-30 minutes, Dilute to 150 ml. with
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distilled water and allow to cools. From this point continue as

in the procedure given in the precéding section #1, Chromic Acid
Determination. The total amount of chromium present is calculated
from:

1 ml. 0.1 N NaySp,05 I 0.001734 g. Cre

DETERMINATION OF SUSPENDED SOLIDS IN CLEANING SOLUTIONS

Take sample from these tanks in such a way as to get a
representative sample, If necéssary tie a wire onto the bottle
stopper and when the bottle is near the bottom of tank remove
the stopper by pulling the wire. |

Clean and number the Gooch crucibles. Dry in oven for at

least one hour at 120° C. Cool in desiccator and weigh.

Pour 250 ml.vof sample throﬁgh Gooch, using suction. Wash
L, or 5 times with distilled water, completely filling crucible
with water each time. Dry in oven for 1 hour at'120° Ce Cpol
in desiccator and weigh. The gain in weight in milligrams X

L, will be milligrams per liter. Record as such on the Lab-

oratory Report Sheet.
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HYDROCHLORIC ACID ~— TANK CAR

Specific gra&ity:
Take the gravity of the acid with a hydrometer graduated

in oil degrees B&, the acid being at a temperature of 60° F.
when the reading is made. Convert Sp. Gr. to % HCl, (Lange's
Handbook, 1117-1118).
Total Acidity: |

| Weigh 2 ml. of the acid into a tared weighing bottle, then
add a few drops of distilled water and mix. Transfer to beaker

and add methyl orange irdicator. Titrate to a yellow end point
with 0.5 N NaOH.

Calculation:

(ml.) (N) (0.03646) = % HCL

Wt, sample
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ANALYSIS OF L-28 FOR O,

Sampling Procedure

Take Dewar flask to tuilding 8-1408 to have filled with 1-28 from stofage
tank. Braing sample to furnace area to be analyzed.

ME‘ Make sure Op gas analysis apparatus is calibrated from the zero on the
murectte to the two way stopcock on the left leading into the potassium pyro-
gallate solution.

First remove malv joint from Orsat apparatus and replace with a short
piece of rubber tubing, Fill Ursat with water to the left stopcock to remove
all gas from apparatus.

Next see that no stopcock lube (2144) is on the stopcocks and that the bulb
is perfectly dry. .

Immcrsé tulb in L-28 with the stopcocks open and the upper stopcéck (the
one next to the female joint) just out of the 1-28 to keep it from getting too -
cold to handle. Close stopcock and 1ift bulb §ut with sample.

The pressure of the L-28 will force out all other gases present, Attach
bulb to rubber tube and open stopcock to let sample into the burette.

While sample is warming up to room tcmperature take a barometer reading
and record data. | | |

When sample is at room ’_oemperature take first reading and record data.
ibsorb Oy from gas by passing through potassium pyrogallate solution and then
measure residual gas.

Note: If volume increases remove sample and re peat procedurc allowing a
longer period of time for the gas to warm up. When o constont reading »is

obtained you may record data. | l
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Calculation of 0» in 1-28:

Barometer reading minus tempcrature of water, divide difference by haro-
meter reading. This will give the vapor correction factor which we call (X),
vy ... Volume gas a£ beginning plus ml. from O to stopcock;
Vs = Volume gas after Oy is absorbed plus ml. from 0 to stopcock.
XxV; = VX
XxVy = VX

(1) ViX - VX = Volume Op

(2) (Vol. Og)SlQ.E)

’ l = A i L- 8
T Gy * 100 = %0 dnl-2
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PROCEDURE FOR CHROMIUM DETERMINATION

Water Samples

Procedure:

Filter sample, using #1 or #1 H filter paper. Measure out 100 ml, of
filtered samples into a LOO cc beaker. Add 2 grams sodium pe roxide, Haods.
Dilute to 200 mil. volume and boil to one-fourth volume (50 cc)._ Remove from
hot-plate and dilute to 150 ml, with distilled water, Add 20 ml, 85% phosphoric
acid and boil for 15 minutes.

While hot, add drop by drop enough 0.02 N KMnO, solutiqn to give a dis-
tinct pink tint that lasts for one minute. ' |

Cool in ice bath, Add 5 ml. 0.04L N ferrous ammonium sulfate solution, ‘

Let stand 5 mimites and titrate against the 0,02 N KMnOL+ solution to pink tint,

Blank:
To 100 ml. distilled water add 10 ml. phosphoric acid and titrate drop
by drop with KMnOl+ to very faint pink., Add 5 mi, 0,04 N ferrous ammonium

sulfate solution and titrate against KMnOle solution,

Ca.lculation':

(Blank - ml. Kin0,) (Normality of Kin0,)(0.01734)(10) = grams/liter of
, * Chromium,
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PROCEDURE FOR DETERMINING SAPONIFICATION NUMBER CN OILS

Weigh accurately, by difference; 2 to 3 grams of the material into the
~saponification flask. MNeasure accurétely into the flask with a calibrated
- pipet 25 ml, of alcoholié KOH soiution. Then add 50 ml. of ethyl alcohol
{99.95% pure), rinsing out pipet. Connect the flask to a suitable condenser
and boil for three hours., Before disconnecting; wash down the sides of the
condenser with a little ethyl alcohol. Titrate while hot With 0.5 N HC1 using
phunolphthalc.ln as an indicator. A blank determmatlon should be run on the

reagents, using exactly the same procedure except, of course, omitting the

addition of the sample.

‘ C_alculations:
The saponification number equals the difference between the number of

milliliters of 0,5 N HC1l required for the determination and the blank, using
the formula: |

Saponification number = (nﬂ.___,_____diff________)_(,&_,_i]erence of HCL 8,0

weight of oil in grams
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ACID NUM3ER OF OILS

Weigh accurately about 10 g.. sample of oil in an Erlenmeyer flask, Add
50 mi. of ethyl alcohol (previously titrated to a faint pink with NaOH using
phenolphthalein as an indicator). Shake well and heat to boiling. Titrate
while still hot with O.1N NaOH to phenolphthalein end-point.
Calculations:
(ml. NaOH)(mg, NaOH in 1,0 m},) _ .. NaOH/g. oil

Weight of Oil

Scott's Standard Methods of Chemical Analysis: Vol, II, pp. 1818-1819.
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IODINE NUMBER OF OILS

ileigh an empty 50Q ml. iodinc flask, Add approximetely 0.1 to 0.2 gram
sample of oil. Weigh flask again. Add 10 ml. of chloroform. Whirl flzsk
until sample has dissolved, .Add 30 ml. of iodinc solution and let sample stand
for one hour shaking sample occasionally. Add 10 ml. of 15% KI and dilute with
100 mi. of distilled water; washing down the sides of the flask. Titrate with
0.1  sodium thiosulfzte solution using starch solution as indicator. A blank

should be run with each sample, using the same procedure.

Calculztions:

(ml. Nap830; for blank - ml. NayS,4 for sample) (mg, NaoSo0q/mi.) « mg: Lo/
' Wt, of Oil | VA

of oil.

Scott's Stendard Methods of Chemical Analysis:

vol. II, pp. 1767.
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PROCEDUKZ FOR CLEANING ION GAUGE TUBES

Solutiens:
s - 10% sodium carbonate or 15% Soda Ash,
B - 1 volume reagent grade ammonium hydroxide to 4 volumes lmnter.

Keep new solutions ready to replace dirty ones,

Procedure:

Number each half of ion gauge tube so that mixing will not occur, The
glassblower must have matching parts in order to reassemble them properly.
Heat solution A to 200°F. and immcrse filament part of tube in it. Keep

in solution for 30 minutes or until the oxide coating comes off, Rinse fila-

ment with distilled wnt..r.

Heat soluticn B to léOoF, a'nd immerse shell of tube in it for 4 minutes,
Then dip shell 1n beaker of water amd rinse carefully., (Do not subject the
platinum coating or shell to viclent currents such as rcesult from washing in
a running stream of water), If the platinum is still slightly cloudy it may

often be cleaned by wiping with a cheesecloth when it is dry. Dry both parts

yvith alecohol and acetone,
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PREPARATION OF VNLUIETRIC ST.:NDARD SOLUTTCRS

1. _ Sodiur Hydroxide (O.1N)

“eigh out about 470 grams of analytical reagent grade NaOH (pellet)
on trin balance, dissolve in 400 rl. of distilled water, and allow to
settlc for several weeks. leasure 5 ml., of the concéntrated solution
in a graduated cylindér and dilute to 1 liter with distilled water.

{ ‘ny amount of solution may be nrepared in this way).

Standardizatién: Dry about 10 grams of nrimary standard analytical
reaéent grade potassium acid phthalatc in an oven for at least two hours.
Weigh accurately three 0.5104 gram portions of the potassium acid
rhthalate on an analyticél balance. Treat each portion in the following
manner: Dissolve the pétassium acid phthalate in about 50 ml. of COp
free wator in a 250 ml. Erlenmever flask. Add 3 drops of phenolphthalein
indicator and titrate to a pink color with the 0.1 N NaOH.

(C.5106 grar potassium acid phthalate is equival@nt to 25 ml., 0,1000
N NaH),

grops potrssium ncid phthalate
Tml. WetH) O (0.204)

Caloulationt I H~NH =

Caieulate the amount of water to be added to the solution to make
sxactly O.lCﬁyh HaNH bv the following formula.

_ (a000) (¢ = M)

vo- N
here N = the desired norrality
N = the norrality found

.,
~
1

ml. of watcr peor litor of the solution required to dilute it
o the desired norrelity. Add the amount of water calculated and

repeat tho standardization,
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2. _Hwdrochloric Acid (0,1W)

From a groduated cvlinder carcfully add 152 ml. of concentrated
annlytical reagent grade HCL to 18 liters of distilled water contained
in & five panllon bottle., iLdx thoroughlj;

Standardization: From a burette measure 30-35 ml. of the diluted
noid into & 250 mi. Erlenmeycr flask and wash down the sides of the flask
with about 75 ml. of distilled w:ter. Add 2-3 drops of phenolphthalein-
indicator and titrate with standard 0.1 N sodium hydroxide to the first

rrrencnt nink ond point.

(¥ Ma0H)__(r.. YaOK)

N HCL = “="= 7377661

Cileulate the anmun£ of water to be addcd to the solution to make

cxactly 0.100 N HCL bv the following formuln:

(1000) (¥ - N)
i

V=

"nere N = th. decsired normality

M = th. normality found

<
t

the ml. of watour per liter of the solution recuired to
cilut.. 't to the dosired normality. Add the amount of vater calculeted

=nd rcn.at the standardization.

3. Potassium Dichromate (0,100 N)

“pv nbout 10 grams of fincly ground analytical reagent grade
o .
K5Cry0n in an oven ot 110 C. for st least two hours. "eigh out 4.903
er~ms of the drisd salt, dissolve in distilled watcr and dilute in a

volumetric flask to one liter with distilled watsr. This solution will

b oxnetly 0.100 N.
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1

foo_ Socium Thiosulf~te (0.1 or 0.2N)

1. Tigh out 450 groms N828203,5H20 for 18 liters of O,1 N
aniantion,

2. ien out 900 groms NapSs03.5H0 for 18 liters of 0.2 N solution,

3. VUissolv.: th: NapS,03.5H20 by agitntion in about 1000 ml. of
wt.r in ~ large benker. “hen dissolved, add about 0.10 grams NapCOs
to pros.rve the solution, tronsfor to the 18 lit.r carboy nnd edd
Jistilled weter to the 17.5 litoer mork.

Stnd rdization: Dissolve 2-3 grams of KI in 200 ml. of distilled
wot LT ;nd ~dd 10 ml. of 1:1 HCI. ngéuru accuratcely, from o burette
into ~ glnss stonpered flask conboining the KI solution, 30-40 ml, of
0,100 § potassium dichromte, ond-~llow to stand for = period of 5-10
minutes. Titrato with the NasSp03 solution until the solution is light
vollow. Add 2-3 ml. of starch indiecator and titrate to thcvdisavpearance
of the bluw starch color. (4 slight gruen color will remein).

_ (. 0,100
C-leul-tion: N NapSy0s = (m1;-&23r207) (©.100)
J'l’il . lL". 2820 3

C ioul-te the smount of woter to be added to the solution to make

cxnetlv th: roouired normelity by the following formula:
(1000 (ML - N)
. N

vz

There

i

= the desired normality

g

the normnlity found
¥ = ml. of woter per liter of the solution recouired to dilute

it to th. desired normtiity, Add the amount of water calculated -nd

r.vort the standerdizotion.
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£, Coric ‘mmoniur Sulf~te (0,05N)

"oigh out tvo 300 grom portions of ceric ~rmonium sulfate ~nd put
Lol in » 4 liter beaker. Add 500 ml. of concentrnted sulfuric ~eid
to uoch banker.,

7Y SL0 1Y add 500 ml, of watoer to sach benker VITH CONSTANT
TOIMTHG, Add four more 500 ml,. portions of wnter to wach beaker, being
- veful bo nvoid svattering. The total volume in ench becker will now
Be 3 1it¢rs.

In »n 18 liter corbov monsure 10 litors of distilled water ond add
+he cormtonts of cach berkur to th. earbow., Rinse each baakcr with one

lit.r of distillod wnt.r =nd bring the volume in the carboy to 18 liters.

iix tho contints of the cirboy thoroughly.

6. Coric Armonium Sulfate (0.01 N)

Carefully monsure 200 rl. of the 0.05 ¥ ceric ammonium sulfate
solution into =~ 1 liter volurctric flask. Add 45 ml. of concentrated
sulfuric ncid and dilute to the mork with distilled water.

ri

", _Forrous Armonium Sulfrte (Q.GﬁiN)

Tgien out 180 grams of FeSOh(NHA)ZSOh.éHzo and put in a2 4 liter
hoeker, Add 2.5 liters of distilled water ~nd then slowly with stirring
~gd 500 mi. of concentrated sulfuric acid.

Locsure 5 liters of distilled water into a 9 liter carboy and add

the 3 liters of solution to it. Rinsc out the beaker with distilled

watcer to mnlie volume u» to 9 liters. lMix thoroughly.

o) w

2, Farrous Armonium Sulfate (0,01 N)

Dilute 200 ml. of the above 0,05 N ferrous smmonium sulfate to

1 liter with distilled wnter.
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‘ 9,__ Starch Solution
iix 5 gromws of soluble storch thoroughly with a little distilled
wotor. Pour with constant ctirring into 500 ml. of boiling water.

Allow the solution to eccl ond add 10 grams of KI.

10, _Phenolphthnleir Indicator

Dissoltvw: 1 grom of phenolphthnlein in 50 ml, of 95 per cent ~lcohol
wod ndd 50 ml. of distilled water. Add 0.1 N NaOH slowly until the

solution ~lmost chaﬁges to pink (i.e. so the next drop would mnke the

imticentor chﬁngo).
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PHOTOCR*PHIC 3OLUMT°NS

DEVFIOPER D19

1. Assemble the followine r~ terinls needed: hot plate, L liter

nesl-er, stirring rod, thermoreter, scales, snatula, funnel, labels,

foup e iiter bottles, ard 1000 ml. graduate.
. Lt 2 liters of ristilled water to 50° . and remove from hot
slate.

.. h0d cherdcals in the order civen, taking care that each 1s

rooived hervor

e addinr the next:

3

F O e eeeeacensevossascsanasssne

teveccnsenasess 8.8 grums

~

Sooduis swifits, desiccatedeeessscsecsssesosss8h.0 grams

i rOGUINTNE s et tonsnnaesccasnsonans

vesss35.2 grams

Sodium carbonate, desiccatnt.isescessessssso192.0 grams

Gr A BE U DI OE (e s sssesessnassscasssressass20.0 grams
Cold distilled water H0 MANC...eeesessaeesssssh 0 liters
l.. Pour soluti-n in botitles and label.

-~z 4n refrirerator until ready for use.

DEVELOPFR D¥=50
le the following materials needed: hot plate, liter
e, stireing vod, therrometser, scale s; smatula, funne;o, lzbels,
liter bottle, anc 1000 ml. graduste.

2. et 8N ml, of distilled water to SO C. and remove from hot

4

riate, o

K

. Léd ehardicals in the order riven, toking care that each is

1

dissolved before adding the next:
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?nlon.........;..............................2.5 grams
Sodiwm sulfite,~desiccated.....;L.;....:;..30.0 grams
I@dquuinone..;.................;.;........;2.5 grams
KOB1K 444 eraetneronseaneenessnseinnssasesssl0.0 grans
PotasSium Bromide. sessseseesesessvesnesssossles grans

Cold distilied water tO maKese.oseseeeesssesala0 liters

.+ four solution in bottle and label.

Yoe
7

5, Place in refrigerator until ready for use.

DEVELOPER D-72

1, lssemble the following materials needed: hot plate,rh liter
. 2aker, stirring rod, thormometer, scales, spatula, funnels, labels,
four one liter bottles, and 1000 ml. graduate.
‘ 2. izat 2 liters of distilled water to 50° C. and remove from
hot »late.

\D

. Add chemicals in the order given, taking care that each is
dissolvad bufore adding the nexts
FLONesoanosaesesnoasnsesessosasesssssssesessll.ly grams
Sodiwa sulfite, desiccated.....;.....,.;.;;180.0 grans
HYArOGUAIIONE o e e e s s ivasnnneiossnnnnsenessessh8.O prams
SOQiUM CATDONALE ¢ aaesoesasrncssenonsnnnssss270.0 grans
Potassium bromide...,......;..;..:.........;.7.6 grams
Cold distilled wWater tO MAKCeesecoesssoassssodo0 Titers

" L. <our =zolution in bottles and label,

5. Place in refrigerator until ready for use.
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DEVELOPER D-8 (HODIFIFD) ‘

1. 4ssemble the following materials needed: hot plate, liter

N

ouslor, stirring rod, thermometer, scales, spatula, funnels, labels,

liter bottle, and 1000 ml, graduate.

2, Heat 590 ml. of distilled water to 50° C. and remove from hot
vlutc,

3, “dd chemicals in the order piven, taking care that each is

dissolved before adding the next:
Sodium sulfite, desicCated.e.esvessessssesesss 0.0 grams
AT OQUANIONG s s ssasesesnsesaasnasossassesessssss30.0 grams
Sodiur hydroxide..........:..................1,20.0 grams
Potassium broﬁide....}.....}......;........;..(30-0 grams

Cold distill\:d Water 'tO Inaken.'oioo.occvo'-oa.c'.l’o liters

L. Pour solution in bottle and label.

5., lace in refrigerator until ready for use.

FIXING BATH F-1

Solution A
Distilled watar.........;....;...............3 liters
Sodium thiosulphate...;....................720 grams
Tber 2b ADOUE  © Cuvevessesscesesenesiess240 ml.
Sodium sulphite, desiccatedeiseesessesceesss s grams

Lestic acid (2&@)..;.;...;.......;....;....129 mi.

PobsSoitn AlUMMeessoeesssosacssessecasnsssssselsh grams
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("o moke 28 per cent acetic acid - dissolve 36 ml. of glacial
ttic meid in 93 ml. of distilled water.) Add ecach ingredient in

tiw order of listing. Be sure that each is thbroughly dissolved before

nddine the next one. After solviion B has cooled, add to solution A,

FIXING BATH F-5

l. Asserblc the following materials: hot plate, 1-2 liter beaker,
stirring vod, thermometer, scales, funnel, labels, one liter bottle,
1000 rl. graduate.

~

2. Hont 600 ml. of distilled water to 50° C.

3. VUissolve the following chemicals in the order given, taking

care thot ¢mch chemical is dissolved before adding the next:
Sodiun thiosulfaté.......;..............wa....2h0.0 grams
Sodium sulfite, desiccated.seesesssvieeassasssel5.0 grams
Acetic aeid (Glacial)....;u..f.....f..,....s...13.2 ml,
Boric acid (crystals)......u..;......c....‘.....7.5 gramsr
Potnssium alum..............;..................l5c0 grams
f0lg Cistilled WALCTY £O MAKCsessaseancoasssesseelsO liter

L. Pour solution in bottle nd lebel,-

K, <lace in refrigerator.,

SPECI AL SPACTROGRAPHIC FIXING BATH

1l.. ‘sserble the following moteriels: hot plate, 1-2 liter
bear.r, stirring rod, thormometer, scales, filter poper, funnel;
1lnbols, one liter bottle, 1000 ml, gradunte, and 100 ml. graduate.

o
2. Heat 600 nl. of distilled water to 50 Cq-
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3+ Dissolwv: thé following chemicals in the order given, toking
¢y that eneh chemiecal is dissolved before adding the next:
Sodium thiosulfatc..‘,,,.....{ru....wgf.....,;BOO‘O grams
Ammonium ChloridCeseseeseservessassooasessonsrs o600 grams
Sodium bisulfitteeessasveosssssssssascsasssesnas5.0 grams
Cold distilled water tO MoKE.esesssssaoccssosseslsO liter
L. Pour solution in bottle and label.

5. Placc in refrigerator.

ACID RINSE BATH

1. Assembl: the following materials: bottle, funncl, label, 100

ml,., grodunte.

2., Put 18.0 ml., of gl=cizl acetic acid in bottle and £ill with

one liter of distilled water,

3¢ Label znd put solution in the refrigerators
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PREPARAT IO OF SOLUTIONS

Reference: Scott, Standard Methods of Chemical Analysis

I. Indicators
A. Methyl Red |
Dissolve 0,5 g. of the powder in 300 ml, of alcohol and make up to
500 ml, with distilled water in a volumetric flask. End-point = pH 5

pH range = 4.4 - 6,2

B. Methyl Orange.

Dissolve 0.5 g. of the powder in 500 ml, of distilled water in a

500 ml, volumetric flask, End-point = pH 4 pH range = 3.1 = Lol

C. Phenolphthalein
Dissolve 1,0 g, in 100 mi., of 95% alcohols If 1 or 2 drops of this

solution are used per 100 ml, of solution titrated, the end-point is at

pH 9.

D, Starch Indicator.

Make 5 ‘g; potato starch or arrowroot starch into paste with cold
water and pour the paste into 2 liters of boiling distilled water, The

solution. is kept in a glass-stoppered bottle,

II. Standard Solutions

In thé preparation of standard solutions, - only analytical reagent grade
chemicals should be used,

A. Sodium Hydroxide (0.5 N)

1. Preparation

Dissolve 400 g. of analytical reagent grade hydroxide in
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400 ml. distilled water and allow to stand for at least 24 hours.
Withdraw supernatant licuid and use for the preparation of the
standard solution. Make sure that there is no sediment present.
For a 1 N solution tﬁere should be 40.005 g, 100% NaOH per liter.
2. Standardization ‘
(a) "ith constant boiling HCl. Set up a distilling ~ppa-
ratus with a liter flask and water condenser. Place about
750 ml. of analytical reagent grade HCl diluted at 22-23%
HCl in the flask and distill. After the solution becomes \
constant -boiling (i.e., boils without deviation in the temp-
erature) nllow the first quarter of the solution distilled
to be discarded. Collect thec next half of the solution dis- .
tilled in a clean, dry flask and-discard the remaindsr of the
solution in the distilling flask. Record one barometer rend-
ing (rend to the nenrest mm.). Store acid in o glass—stop-

pered bottle.

As a furthor check on the acid weigh 2 ml. of the acid
in a tared weighing bottle and transfer to a clean beaker.
Dilute to 100 mi. and add 2 ml. dilute nitric acid and heat.'
Add hot silver nitrate in slight excess to that required to
precipitate the HCl, as calculated from the weight of acid
in §ach ml. of the sample. For this purpose use a silver
nitrate solution cont~ining 4.8 g. AgN03 per 100 ml. of
distilled water. This solution will precipitate 0.01 g.

chlorine or 0.0404 g. AgCl, "hen the precipitation of ‘

e
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1. -3—

tﬁe AgCl is complete, prepare a Gooch crucible filter with a
moderately thick asbestos mat. Dry and weigh, Filter the
precipitate after washing first by decantation and then wash-
ing free of chloride with water containing HNOB' Dry and
weigh to determine the wéight of AgCl present., The weight
of HC1 may be calculated fram (AgCl) (0.2544) = HCLl. The
percentage of HCl is compared to the percentage determined
for the constant~boiling mixture.

To use for standardizing 0.5 NaOH, wéigh 2 ml. sample
of the acid in a clean, dry tared weighing bottle and trans-
fer to a beaker. Dilute to 150 ml. and add 2 drops methyl
orange indicator. Titrate with the unknown alkali to the
orange~-yellow end-point. Standardize the NaOH solution also
by using methyl red .and phenolphthaleih indicators, The

strength of the alkali is ‘calculated from:

Wt, of HCl in S e) (1 ; - .
}Ml. of NaCH used (0.03647 Normality of NaOH

If the solution is not 0.5 N, the necessary amount of
alkali or water should be added to produce that strength,
(Note: Duplicate samples should be used in each detérmina—
tion in the procedure.)

(b) With potassium acid phthalate, Weigh 2-5 g. of the
salt and dissolve in 100 ml, distilled water. Using pheno-
lphthalein indicator titrate with the 0.5 N NaOH solution

to the pink end-point. (When the end-point is reached heat

the solution to boiling; if color fades, add more of the
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°

NaOH solution until the pink color persists for 30 seconds

after boiling.)

Compute the normality of the NaOH from:

é . _potassium acid ghthalate% _i____% - Normality of NaOH
}l, of NaOH used 0.20

Adjust the normality if necessary and recheck by this
method.

(Note: Duplicate samples should be used in each determina-

tion.)

B, Hydrochloric Acid (0.5 N)

1. Preparation.

Place 43 ml. analytical reagent grade HCl (sp. g. 1.19 = ‘

36% HC1) in a 1000 ml, volumetric flask;-dilute to mark with
distilled water and mix thoroughly.
2, Standardization.

Prepare pure sodium carbonate by dissolving 35 g of impurs
reagent in 350 ml. of warm water and 'filter {©o remove any insol-
uble residue, Allow the water to evaporate slowly at a tempera-

. ture. not above AOOC. until about 25 g. of the sodium carbonate
has been deposite|d. Pour off the mothe'r ligquor and dry the cry-
stals for an hour at 120°C, Place about 8 g. of the salt in a

porcelain crucible and heat for 30 minutes at 270°C, Store dry

salt in a glass-stoppered bottle.
To ‘standardize 0.5 N HCl weigh out a sample of 1 g. of the
Na2003 in a glass-stoppered weighing bottle. Dissolve in dis- ‘

tilled water and transfer to a beaker, being careful to avoid any
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loss of the solution, 2dd methyl orange indicator and titrate

to end-point with the acid being standardized. The normality of

the acid is:

W 7y Na l _ ] HCl
él\ul. HC1 used% 0.0530) Normality of

If the acid is not 0.5 N an adjustment may be made by adding
cither acid or distilled water. The acid should then be rechecked
by this method,

(Note: Duplicate samples should be used in this determination.)

C, Potassium Permangante (0.1 N)
1. Preparation.

‘ Dissolve 3,3 g. of KMnOL} in a liter of distilled water, Mix well
and allow to stand for several days. Filter solution through glass
wool into the storage bottle (preferably a dark bottle),
(Note: Permanganate solution should not come in contact with rubber,
filter paper, or other organic materials.)
2. Standardization.

Use Bureau of Standards sodium oxalate, Dry the sodium oxalate
at 105°C immediately before use. Dissolve 0,25 to 0,30 g. of sodium
oxalate in 200 ml. of hot water (80-90°C) in a cleen beaker and add
10 ml., of 1:1 sulfuric acid. Titrate it immediately with the perman-
ganate solution; stirring or shaking vigorously and continuously. The
permanganate mist not be added more rapidly than 10-15 mls. per minute.
Allow each drop of permanganate to be complectely decolorized before

adding the next drop when near the end-point. Run a2 blank to deter-

mine the volume of permanganate required to produce the same color in
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the same volume of water and acid.

(Note: The temperature of the solution at the end-point should not be
below 60°C.)

The normality of the soiution is calculated as follows:
Wt. of sodium oxalate ) (1 - .
E'Net ml, permanganate used) éo,oavo% = Normality of KMnO,

D. Sodium thiosulfate (0.1 N)

1. Preparation.

Dissolve 25 g. Na2$203°5H20 per liter of distilled water.

If any sulfur has settled out, decant the clear liquid and filter
if necessary.

2, Standardization. .

Stardardize the godium thiosulfate soluticn bp titration with a
prepared standard iodine solution - see F (Todine solution 0.1 N).

The normality of the thiosulfate solution is calculated as follows:

(M1, Iodine used) (N. of Iodine Solution) _ .
WL, NapS,0; used = Normality of Nap5201

The strength gf the thiosulfate solution should be checked fre

* quently.

E‘. Ferrous Sulfate (0.1 N)
1. Preparation.
Dissolve 39.5 g. FeSOh'(NHh)zsohoéﬂzO in 50 ml, 6 N H,50, and
dilute to one liter with distilled water. ‘

2. Standardiza_,t!.on.

Standardize the solution by titration with a prepared standard
KiinO, solution {see C-Potassium permanganate O.l N). The normality

> ¢ e
AR
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of the ferrous sulfate is calculated as follows:

(Mils . KinO, used) (N KMnOL)

= Normality of FeSOa
kls. Ferrous Sulfate

F. Iodine Solution (0.1 N)
1, Preparation

Dissolve 12,7 g. resublimed iodine and 20 g. pure potassium iodide
in 50 ml, water, After the iodine is completely dissolved, transfer
the solution to a glass-stoppered liter flask and dilute with pure dis-.
tilled water to the mark., Mix well and stopper the bottle.

2. Standardization.

Use Bureau of Standards A5203 for the standardization,

‘ The As;04 solution is prepared by weighing 4.95 g. of arsenious
oxide in a weighing bottle. (The tare of the bottle is taken after
the arsenious oxide is removed,) Transfer the Asy0g to a liter flask,
moisten, add 15 g. of pure NaOH and 100 ml, of distilled water, Mix
gently until the arsenious oxide is dissolved. Dilute to the mark
and mix thoroughly.

To standardize the iodine solution, transfer an accurately mea-
sured 40-50 ml. portion of the arsenious oxide to a flask and titrate
with the iodine splution, using starch indicator. In order to obtain
accufate results it.is necessary that the solution be saturaged with
carbon dioxide at the end of the titration. To effect this saturation

a few drops of HCl may be added near the end-point to liberate suffi-

cient carbon dioxide to saturate the solution, Titrate to the pink




5.17(c)
-8

or rose-colored end-point. The normality of the solution is calcu~.

lated as follows:

( ’{:'-t. of A3203 in Sa.\mple ) _(___3:_____.)_ - Normality of
{ lls. lodine solution used) (0.049455) Iodine Solution
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PROCEDURE FOR CLEANING FILAMENTS

Make a solution of 1 part nitric to 3 parts hydrochloric acid and pour
in pyrex tray. Place tray of fiia.ments over the solution so that the tips of
she filaments will be immersed in the solution, Put tray on hot-plate and

| neat (60°C to 80°C,) for at least 30 minutes. Remove and wash cach filament

with water. If the tips of the filaments are not clean and smooth, let stand

in acid solution for a few more minutes and wash again with water,
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PROCEDURE FCR CLEANING RUBBER GASKETS

Wash in soap solution (Lux or Ivory flakes)... 4 truc solution of soap should
be used, and the presence of undissolved soap particles which might adhere
to the rubber parts must be avoided,

Thoroughly rinse in cleam water,

Immerse in 2% sodium hydroxide solution at 150°F, for 15 minutes.

Rinse thofoughly in warm (120°F.) 1‘Nater.

Hang over steel rods to dry.

Wrap in paper.

Note: Do not touch gaskets with bare hands after they have been washed. Use

tongs or rubber gloves when handling them.
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PROCEDURE FOR REDISTILLING WATER

Set up distilling apparatus using a 5000 ml. distilling flask. Add about
2 grams potassium permanganate and about 1 gram of calcium hydroxide (barium

oxide or lime may be used) to flask and f£ill with distilled water. Apply

heat by mcans of a Bunsen burner and catch distillate in beaker,
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CAUSTIC SCRUBBER

Building #1301

To Determine Percent KOH or NaOH
Pipet a 5 mlk sample into a 250 ml. Erlenmeyer flask and dilute with

4istilled water to 100 ml, Add 2 drops‘ phenolphthalein indicator. The solu-
tion will be pink. Titrate with 0,5 N HC1l to the end-point (the solution
will turn colorless upon the addition of one drop of HC1)., Record mls. HCL

used on report sheet., Nake final report (using graph #1301),
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FISCELLANFOUS

T. DISTILI \TION OF "T"THYL !ETHACRYL'TE MONOLER

1. Groase 1l ground glass joints.
2. round the roceiving flask place ~ crystnllizing dish con-

tednine nowdered dry ice mnd trichlorcthylene.

3
S

Fi1l distilling flosk with 250-350 mi. of mcthyl methacrylate
monomeT e |

L. Anply vocuum, be sure thot the licuid_docs not boil too vigo-
rously and c-usc "earry-over" to tho receiving flask.

5, After four or five minutes, ~pply o little hoat to the distilling
flosk. B enreful that the licuid doos not boil too vigogously.

6.. Tho distill-tion is continued until there are about 10-15 ml.
of ligquid remnining in the distilling flusk. This residue is to be
throvn ~wny.

7.. Bofore storing the a-maratus, cloan thoroughly, making sure

“ht ~11 ground glnss joints hav: been cl.oned with ~n organic solvent.

II. DPRFPLRATION OF "KOROSORB!" TUBES

1.. ~issolve 2.5 grams Congo Red ("Certified" Eastman Kod-k or
Jarngon Testing Lnaboratories) in 2 mixture of 500 ml. distilled water
~nd 500 ml. of 95 pur cent ethyl nlecohol.

2. Plnce 150 grams of sodn lime granules in a clean boaker.
("4lson's" Sodium - Colcium Hydrate, 2 per cent moisture, 14-20 mesh

cranulcs  obtnined from Fimer -nd Amend (or ecuivalent is uged.)
Add ~ volume of congo red solution which is just sufficient to wet

the sod~ lime. Stir the mixture with a glass rod until all the granules

~r¢ colorad rade
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3. Tr-onsfer the wet, colorad gronulus to severnl luyers of lurge
~bsorbent filtur prper ~nd s»read these on n flat pan or plnotes, Place -
the pon in » drying oven ~nd dry -t 80° C. Store the Korosorb in well-
stompured bottl;s.

L. Insert ~ 1/8 in. gl-ss wool plug against the constriction of
£ Xorosorb tube. Place threc grars Korosorb in the tube 2nd top
the constricted end of the tubc gently against a clean surface until
+ra Norosorb is firmly nacked. Thcn.inscrt rnothsr 1/8 in. glcss wool
lug in tho tube to hold the gronules in plnce. The length of absorbent

aoiunm will be 7 cme

ILI. P TP RATION OF "SALAC" TUBES
Six inch tube

1. Plnee » 1/8 in. plug of glnss wool at the constricted ond of

the tube.

2. "éigh out 1.5 grrms of snlicvlic ncid and plece in the tube so
th~t it fills 1-1/4 in. of the tube. (i plung.r mey be used for packing
the motorinl in the tube 50 th~t it hns the desired lcngth.)

2. Pl~ce 1/8 in. olug of glass wool over the s~licylic acid.

Lo Storce in » desiceator.

3., Five inch tube

Follow ths above directions excent use 0.6 grams of salicylic

~cid nnd nnek to ~ depth of '3/4 inches.
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DETERMINATION OF T IN TH0g SAMPLES

Kethod:

This mcthod consists essentially in treating the oxide samples to remove
ions which intérferc with the ceric sulfate procedure for determining T. Vol-
atile interfering iors such as fluoride and nitrate are removed by fuming the
sample to dryness twice with sulfuric acid. Metallic interfering ions such
'as iron and copper are removed by electrolyzing the dissolved sample in a mer=-
cury cathode cell apparatus. (See Procedure 7.3). The isolated T can then be

reduced and titrated with ceric ammonium sulfate solution.

Reagents and Apparatus:

1. Concentrated hydrochloric acid,

2. Concentrated nitx;ic acid.

3., Concentrated sulfuric acid.

L. Dilute sulfuric acid (3 N) and (6 N).

5e étandard ceric ammonium sulfate sélution - Dissolve sufficient
ceric ammonium sulfate in 2 N sulfuric acid to give a ceric concen-
tration of 0.05 N, The solution should stand about two weeks and be
filtered Before standardizing, |

6, Ferrous ammonium sulfate solution - Dissolve sufficient ferrous
ammonium sulfate in 2 N sulfuric acid to give a ferrous concentration
of 0,05 N,

7. Ortho phenanthroline indicator - Dissolve sufficient ortho phenan-
throline in 0.025 M ferrous sulfate to make the resulting solution J
0.075 M with respect to the ortho phenanthroline indicatof.

8, Jones reductor - Prepare  as in Procedure 7.l.

9. Mecrecury cathode apparatus - See Procedure 7.3,
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i Proccedure:

% A, Sample Preparation and Sample Soluticn:

3 1. Thoroughly grind and mix about one gram of the sample in an agate
mortar. (Recover material adhering to the mortar by dissolving it
in concentrated sulfuric acid; rinse with water and save washings.
A1l To0, materizl mist be salvaged. )

2. Weigh 0.2 gram samples into 400 ml. beaxers.

3. Add a sufficient amount of concentrated hydrochloric acid to cover
the sample ard bottom of beaker. Heat until sma 1l bubbles cease,
but do not aliow sample to go to dryness.

‘Lo Add 10 ml, of concentrated nitric acid and heat until sample dis-
solves. Some samples do not go caompletely into solution with nitric

acid but if the color of the residue is different from that of the -

original sample, continue with procedure as if solution were complete.

5. Add 2 ml, of concentrated sulfuric acic and gvaporate to dryness.
Dissolve the sample in 6 N sulfuric acid and evaporate to dryness
again.

Purificaticn of Sample:

1. Dissolve sample from Step 5, Part 4 above in sulfuric acid using
encugh acid to give a total volume of 75 ml., Heat on a hot plate
until solution is complete.

2. Transfer the sample to a water-jacketed mercury cathode cell and

electrolyze with stirring at 3.0-3.5 amperes for one hour, Use 2 N

sulfuric acid as a rinse when transferring the sample from the beaker

to the cell to maintain the proper acidity. Keep the volume of the
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sample at 75-100 ml, (Note: Mercury may be usced three times in
the cell hefore being redistilled., Triple-distilled mercury is
best .)

3, Remove from cathode and filter immediately through Watman No, 2
filter paper. Wash paper thoroughly with water.

L. Placc sample on hot plate and reduce volume to about 100 ml.

Reduction of T:

1. Cleg: and acﬁivate the Jones reductor by passing 300 ml. of 2 N
sulfuric acid through it. Add about 200 ml, of water to displace the acid in
the reductor,

2. Carry out a "blank" titration as follows: Pass 150 ml. of 2 N sul~-
furic acié through the reductor followed by 200 ml. of water.

3. Determine the "blank" by adding 25-30 ml. of standard ceric anmbnium
sulfate, 2 drops of ortho phenanthroline complex ard titrating to a salmon
pink end-point with ferous ammonium sulfate solution._ |

Le Carry out a cross-titration as follows: Titrate 25-30 ml. of ceric
ammonium sulfate solution in iBO mi, of 1 M sulfuric acid with the ferrous
ammonium sulfate solution using 2 drops of ortho phenanthrolire complex as
before.

5, Calculate the cross-titer values obtained in (3) and (4) by dividing
the voiume of ceric ammonium sulfate used by the volume of ferrous ammonium
sulfate and compare the values obtained, If the cross-titers do not check
within 2 parts in 1000 repeat steps (3) and/or (4).

6. Reduce the sample as before, Pass 50 ml, of 2 M sulfuric acid through

the reductor. Then passthe entire sample containing T through the reductor.
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Wash the beaker with two 25 ml, portions of acid and pour the washings through
the reductor. Wash th; beaker with water and run the washings through the re-
ductor. Add sufficient water to bring the total wash water to 100-150 ml,
Aerate the sample for é.t least five minutes to convert trivalent T (olive
green) to the quadrivalent state.
Titration:
1. Add 3 drops of ortho phenanthroline complex to the sample. Add
ceric amonium sulfate until the color changes and then add about
1-2 ml., excess.
2. Back-titrate to a salmon pink end-point with ferrous ammonium sul-
fate solution.

Calculations:

(i- Bx cross titer) x Me x ¥ 100 . percent T in sample

W
A = ml, of ceric ammonium sulfate used.
B = ml., of ferrous ammonium sulfate used.

Me = milliequivalent weight of T (0.119).
‘N = normelity of ceric ammonium solution.

= weight of sample.
2T X 1179 = % Tq0q

Note: This method does not take care of all possible interfering substances.
It has however been applied successfully to comparatively high grade "black

axide" samples containing small amounts of common impurities such as iron,

nitrate, etc.
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‘ DETFRMINATION OF T USING SODIUI PTROXIDE

Method:

This is a rapid method, suitable for control work, for determining
hexavalent T in quantities up to 100 mg. Five per cent sodium peroxide
solution reacts with T to give an intensely yellow pertuballate. The trans-
miSSiOﬁ at 410 mu is measured with the Cenco Photelometer or other photel-
cctric colorimeter and the amount of T in solution is obtained from this
value by means of a calibration curve.

Reagents:

1. Sodium peroxide solution, 5 per cent - dissolve 25 gramé of c.p.
sodium peroxide (Parr) in 370-400 ml. water. Do not use any other
grade. The solution is filtered through a medium grade fritted
glass filtering crucible. The filtrate mist be water white and

‘ is diluted to 500 ml. This solution'should be kept no longer
than 7 days.
Procedure:

1. From a sample solution containing hexavalent T in the form of
sulfate, nitrate or fluoride, pipette an aliquot which will con-
tain less than 100 mg. T into a 50 ml. volumetric flask.*

2. Add 15 ml. of 5 per cent sodium peroxide and dilute to the mark.

Shake well,

#* Samples which fail to react with sodium peroxide solution at this point
may be treated as follows:

1. Intréduce into the volumetric flask a reasonable aliguot of sample
and 2-3 ml. of 30 per cent hydrogen peroxide. ¥arm on a hot plate
until solution appears turbid.

. 2, Add 15 ml. of 5 per cent sodium peroxide and proceed as in steps
2, 3, and 4 above.
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3. ictermine the transmission against distilled water at 410 mu.
with the Cenco Photelometer or other photoelectric colorimeter.

| | ~ (See Procedure 7.5).

L. Determinc the amount of T present by means of a calibration curve

similarly determined.

Caleulations:

Yo, of T in szmple (mg.)
Vol. of sample aliquot (ml.)

"

mg. T/ml. of sample
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DETTRMIN'TION OF SMALL AMOUNTS OF T TN ASH SAMPLES

(ALKALI AND ALXALINE FARTH FLUORIDES)

Method:

The T is extracted as sodium perturballate from the ash samples (high
in alkali and alkaline earth fluorides) with a solution of sodium hydroxide
and sodium peroxide, and measured colorimetrically with a Lumetron colori-
meter, model 402 E, fitted with an MFAZO blue filter.

Reagents: |

1. Sodium hydroxide solution, 5 per cent

-2, Sodium peroxide, c.p. (Parr)

3. Hydrogen peroxide c.p., 30 per cent
Procedure:

A, FExtraction:

1. Thoroughly mix a representative sample of the ash, breaking all
Iumps with a stirring rod or spatula.

2. '"eigh out two 1.N00 f_0.00l gram samples.

3. Place each sample in a 250 ml. beaker, and add 25 ml. of 5 per cént
sodium hydroxide solution, 25 ml. of distilled water, and about 0.5
gram of sodium peroxide to each.

Le Heat to active boiling on a hot plate and maintain the boiling for
two hours. The solution must not evaporate to dryness;. distilled
water is added from time to time to replace evaporation losses.

5, After boiling for two hours, filter the hot solution directly into
a 250 ml. volumetric flask nsing one per cent sodium hydrpxide as

a washe
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6. After filtering, wash the residue from the filter paper back into
the original 250 ml. beaker. This is most casily done by pi:rcing
the filter paper at the apex of the cone and washing the residue
through the funnel stem with a strong stream of water from a wash
bottle.

7. To the collected residue, add 25 ml. of 5 per cent sodium hydroxide
and about 0.5 gram of sodium peroxide. Boil the mixture for two
hours.

8, Filter this second extract into the volumetric flask containing
the first extract.

9. Collect the residue as before and extract again at active boiling
for four hours. Filter the third extract into a second 250 ml.

. volumetric flask.

B. leasurement of Transmission:

1. Dilute the two solutions to volume with distilled water add 2-3
drops of 30 per cent hydrogen peroxide and measure the transmission
of each with the Lumetron Colorimeter Model 402 E. (See "Operation
of the Lumetron Colorimeter, Model 402 E", Procedure 7.4).

2. Obtain the T content of the extrncts " from Table I which gives
the per cermt T corresponding‘to the por cent transmission in a’
solution volume of 250 ml. and an initial sample weight of one gram.

3. Add the amount of T in the various - extracts to obtain the total
T content. If the amount of T in the third oxtract is over 0.2

of a per cent, a fourth extraction of 4 hours may be needed. In

. s
general, ash samples of more than 3 per cent T reocuire longer extractiony

‘ % For a series of samples of the same type and avproximate composition, the
number of extractions mav be standardized and the testing for completeness
of extraction eliminated.
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MOTE: If the ash samples contain considerable copper, colloidal
hydrated copper hydroxide mey pass through the filter paper on
filtering hot. In such cases let the samples cool and stand for
1-2 hours before filtering to cause the copper hydroxide to

flocculate. This method is inoperable in the presence of interfering

impurities such as vanadium etc.

TABLE I
The following table gives the per cent T corresponding to the per cent
transmission for a sample weight of one gram and a solution volume of 250
ml. This table is to be used in determining T by the method of extraction

with sodium hydroxide and sodium peroxide.

Transmission Per Cent T Transmission Psr Cent T 'I‘ransmissiqn Per Cent T .
31.2 5.00 40.5 3,80 53.2 2,60
31.6 4.95 . 41.0 3.75 53.9 2.55
32.0 £.90 L1l.L 3,70 5L.6 2.50
32.4 L.85 41.8 3.65 54.9 2.48
32.7 4L.80 [2.2 3.60 55.2 2.45
33.0 LaT5 42,7 3.55 55.5 2.43
33.3 4.70 L3.2 3.50 55.8 2.40
33.7 L.65 43.8 3.45 56.1 2.38
34.1 L.60 L3 3.40 56.4 2.35
34.5 L.55 L4.8 3.35 56.7 2,33
34.9 4.50 45.3 3.30 57.2 2.30
3503 LFOZLS 14.5.8 ’ 3.25 57-5 2'28
35.7 4.40 46.3 3.20 57.9 2.25
36.1 4.35 46.9 3.15 58.2 2.23
36.5 4.30 L7.6 3.10 58.6 2.20
36.9 425 L8.2 3.05 58.9 2.18
37.3 4.20 4L3.9 3.00 59.3 2.15
37.7 415 L9 2.95 59.7 2.13
38.1 4.10 50,0 2.90 60.0 2.10
38.5 L.05 50,6 - 2.85 60.4 2.08
31%.9 ~ L.00 51,1 2.80 60.8 2.05
39.3 3.95 51,6 2.75 61.2 2.03
39.7 3.90 52,1 2.70 61.5 2.00 ‘
40.1 3,85 52.6 - 2,65 61.9 1.98
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TABLE I (cont'd.)

Transmission Per Cent T Transmission Per Cent T Trensmission Per Cent T

2.3 1.95 73.1 1.28 85.5 0.63
2.6 1.93 73.6 1.25 86.0 0.60
63.0 1.90 74 .0 1.23 86.5 0.58
63.4 1.88 5.5 1.20 87.0 0.55
63.8 1.85 71,.9 1.18 87.5 0.53
6L.2 1.83 75 .4 1.15 88.0 0.50
6l 1.80 75.8 1.13 88.5 0.L8
65.0 1.78 76.3 1.10 89.1 0.45
65.4 1.75 76.7 1.08 89.6 0.43
65.7 1.73 77.1 1.05 90.2 0.40
66.1 1.70 77.5 1.03 90.7 0.38
66.1, 1.68 78.0 1.00 91.3 0.3
66.8 1.65 78.5 0.98 91.8 0.33
67.2 1.63 79.0 0.95 92.4 0.30
67.6 1.60 79.5 0.93 93.0 0.28
68, 1.58 80.0 0.90 93.6 0.25
68.1 1.55 80.5 0.88 9k o2 0.23
68.8 1.53 81.0 0.85 9.8 0.20
69.2 1.50 81.5 0.83 95.7 0.18

‘ 69.6 1.18 82.0 0.80 96.1 0.15
70.0 1.45 82.5 0.78 96.7 0.13
70.4 1.43 83.0 0.75 97 ok 0,10
70.9 1.40 83.5 0.73 98.0 0.08
71.3 1.38 8.0 0,70 98.7 0,05
71.8 1.35 8.5 0.68 99.3 V.03
72.2 1.33 85.0 0.65 100.0 0.00
72.7 1.30
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DETFRMINATION OF T IN SPENT CARBON AND THE PREPARATION

OF T30g FOR CUALITY (ISOTOPIC) ASSAY

Method:

The carbon is separated from the alumina (corundum) and then fused with
sodium nitrate in order to destroy the carbon and any organic material which
may be nresent. The fused mass is dissolved in 50 per cent nitric acid
and boiled to insure complete oxidation of the T to the hexavalent state.
Any iron or aluminum in solution is precipitated with ammonium ‘c rbonzte and
filtered while the T remains in solution as a soluble carbonate complex.

The T is determined by the sodium peroxide colorimetric method using the
Cenco Photelometer or other coldrimeter. The oxide is prepared by precipi-
tating the T with ammonium hydroxide, filtering, and igniting in a platinum
crucible over a blast burner.

Reagents and Apparatus:

1. Triethanolamine and ethanol mixture, 1:1

2. Sodium nitrate

3, Nitric acid 50 per cent

L. Ammonium hydroxide, concentrated

5. Ammonium carbonate

6. Sulfuric acid 10 per cent

7. Sodium peroxide solution 5 per cent - Dissolve 25 grams of c.p.
sodium peroxide (Parr) in 300-400 mi. of distilled water. Filter

through a glass frit and dilute to 500 ml. Do not keep for more

than 7 days.
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Procedure:.

4., Separation of Carbon from Alumina: - The sample may consist of a

mixture of carbon and alumina particles, in which case the carbon must be
separated.
1. "eigh the entire sample of mixture as received (50 grams or more).

A platform balance may be used for this weighing.

o
.

Assemble a nest of standard sleeves (Nos. L, 8 and 16) with a pan

at the bottom. Pour the sample weighed above into the topmost sieve

and shake the nest until all of the material has becen separated on

the sieves according to particle size.

3. The material caught in each segment of the nest is then separated
manually as follows. Pqur one fraction into a pan. Hold the pan
in a slightly inclined position and sweep the mixture with a brush.
Brushing will cause the cylindrical carbon pellets to»roll to the
bottor: and away from the irregular shaped alumina particles which
remain in their briginal position. The carbon is then collected
from all fractions and weighed.

L. Calculate the percentage composition of the 6riginal mixture from

its initial weight and the weight of the senaréted carbon.

T The alumina, exceot in the case of activated alumina, is

usuzlly discarded inasmuch as it has bgen fbund to absorb very little

T and makes no substantial contribution to the T content within

the limits of accuracy usually requirec in this determination. If

activatced alumina or ordinary slumina known to contain large amounts

of T is ovresent, the alumina must also be analyzed for T by a diffcrent

procedure.
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3. _Precparation of thc Sample:

-

10.

———

Yeigh a ten gram sample of carbon into a olstinum dish of suitable
size.

Cover the sample in the dish with a 1:1 mixture of triethanolamine
and ethanol.

Tenite the miscture carefully over a burncr.

After the solvent has burned off, add sodium nitrate in small
portions to the residue in the dish and fuse the mixture until all
of the orgenic matter has besen destréyed.

DlSSOlVP th: fused mixturs in the smallest possible cuantity of 50
per cent nltrlc acid (approximately 100-150 ml. in a 1 liter beaker) .
Boil the solution for ten minutes to insurs oxidation of any lower
valcnce states of T to the hexavalcnt state.

Filter off any insoluble material in the solution through a No. 42
Whatman filter paper.

Neutralize the nitric acid solution with ammonium hydroxide to a pH
of 6. Add solid ~mmonium carbonate until the pH of the solution

is 8-9.

Boil for two minutes. If the aﬁmonium carbonate has been destroyed
by thermal decomn031tlon, add additional solid salt since an excess
of carbonate must be present in order not to lose uny of the T by
precipitation.

The ferric hydroxide or aluminum hydroxide which precinitates at
this point if any iron or aluminum is pfesent in the sample is removed

by filtration using a No. 42 Yhatmen filter paper. The filtrate

contains the T which is nresent as the soluble carbonate complex.
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Wash the carbonate precipitate with saturated‘ammonium carbonate
solution until a potassium ferrocyznide spot test shows that the
washings no longer contain any T. The test is carried out as des-
cribed in (1) below. The filtrate and washinés are also tested for
iron using the thiocyznate test as outlined below in (2) in order to
insure that the carbonate separation has been effective.

(1) The solution to be tested should have a pH of 5-6. Add a
small quantity of 3 per cent potassium ferrocyanide solution to the
solution to be tested. A brown color indicates the presence of T.
Copper gives a red color and iron a blue or greencolor. It is,

therefore, necessary that these interfering clements be removed

(2) The solution to be tested should be slightly acid (pH 5).
Add s few drops of 1 N potassium thiocyanate solution to the slightly

acid solution to be tested. A red color indicates the presence of

Tronsfer the filtrate and washings, obtained in 10 and 11 of Part B

above, quantitatively to a 500 ml. volumetric flask and make the

A suitable aliauot of this solution is then analyzed for T by the

Sodium Peroxide Colorimct:ric Method using the Cenco Photelometer

Sy
ll.
before testing.
iron,
0. Determination of T in the Sample:
l'
solution up to volume with distilled water.
2.
or othor photoelsctric colorimeter (See Procedure 6.2).
3.

From the aquantity of T found in the aliquot, calculate the percent-

age of T present in the original sample.
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Calculations:

mTotal volume of sample solution
Volume of aliquot
Sarple weight (mg.)

Me. T in aliquoet x

x 100 = % T
in sample
D. _The Preparation of T.Og for Quality (Isctopic) Assay:

NOTE: A

sample of not less than 150 milligrams is required for the

Prepire a 1 gram sample if possible.

1. Take an anpopriate volure of the solution obtained in 1 Part C
to insurc :n adequate sample. Acidify the solution with 50 per
cent nitric acid and boil to insure complete removal of carbon
dioxide.

2. To the warm, acid, carbon dioxide-free solution add ammonium hy-
droxide in slight excess to precipitate the T.

3. Filter the precipitate on a No. 42 Whatman filter paper. For
convenicnce in handling the large precipitate use a Buchner funnel.

L., After the precipitate>has been washed, dissolve it off the paper
with a-proximately 20 ml. of 10 psr cent sulfuric acid.

5. Wash the paper with three 10 ml. portions of water.

6. Heat the combined solution and w:éhings on the hot plate until
copious fumes of 803 are evolved.

7. Allow to cool and dilute the residue with 20 rrl. of distilled water.

8. Filter to remove any insoluble matter. If soluble silica was present
it will be removed'in this step.

9. Add ammonium hydroxide to the filtrate until all of the T has been
precipitated.

10. Filter the precipitate on a No. 42 "hatman filter paper and wash.
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12.

13.
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Remove the filter paper and precipitate from the funnel and trans-
fer to a platinum crucible or dish.

Ash the filter paper. Heat the crucible ond contents over a Meker
burner or compressed air burner until the T has been converted to
T30g. This oxide is derk green to black in color. (Orange or
other colors indicate extensive impurities present in the prepara=
ti&n).

Dissolve a small guantity of the oxide in 50 per cent nitric acid.
If there is any evidence of acid-insoluble material in the sample,
the entire éamplw of oxide must be redissolved in nitric acid,
filtered, reprecipitated, and ignited as described in Steps 7

to 12 above.

If the sample passes this solubility test, it is weighed and trans-

ferred to 2 clean, dry bottls for shipment to the cuality assay

laboratory.
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DETERMINATION OF T IN MFL AND 2144

Method:
The contaminitei lubricant (high molecular weight fluorccarbons) is
} ignited and fused w'th sodium nitratc in order to decomposé any organic
material which nay be present. The fused mass is dissolved in 50% nitric
acid and boile i to insure ccmplete oxidation of the T to the hexavalent
state. Any iron or aluminum in solution is precipitated with anmoniunxcarbo— ’
nate snd fiitered off while the T remains in solution as & soluble carbonate
compl:x. The T is determined oy the sodium peroxide colorimetric method
using the Cenco Photolometer or other photoslectric colorimeter.
Leagentss
1. Triethanolamine and wwhenol mixture -~ 1:1

2., Sodium nitrate

3. Nitric acid, 50%
L+ Ammonium hydroxide, concentrated
5. Ammonium carbonate, c.p.
6. Sodium peroxide sclution - 5% =~ Dissolve 25 grams of c.p. sodium
peroxide (Parr) ia 300-400 ml. of distilled water. Filter through
a glass frit and dilute to 500 ml, Do not keep for more than 7 days.
Frocedure:
A. Preparation of the Hample:
1. Weigh a twenu -five gram sample of the contaminated lubricant into
a platinum dish of suitable size,
2. Cover the sample in the dish with 1:1 mixture of triethanolamine
and c¢thanol,

3. Ignite the mixture in the dish carefully over a burner.
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11.
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Lfter the solvent has burned off; 2dd sodium nitrate in small por-
tions to the residue in the dish and fuse the mixture until all of
the organic matter has been destroyed.

Dissolve the fused mixture in the smallest possible zmount of 50%
nitric acid (approximately 100-150 ml. in a 1 liter beaker) .

Boil the solution for ten minutes to insure complete oxidation of
any lower valence states of T.to the hexavalent state.

Filter off any insoluble material in the solution through a No, 42
Whatman filter paper.

Neutralize the nitric acid solution with ammonium hydroxide to a
pH of 6. 4dd solid ammonium carbonate until the pH of the solution
is 8-9,

Boil for two minutes. If the ammonium cartonate has been destroyed
t;y thermal decomposition, add additional solid salt since an excess
of carbonate must be present in order not to lose any of the T by
precipitation,

The ferric hydroxide or aluminum hydroxide which precipitates at
this point if any iron or zluminum was present in the sample is
removed by filtration using a No. 42 Whatman filter paper. The
filtrate contains the T which is present as a soluble carbonate
complex. .

Wésh the carbonate precipitate with saturated ammonium carbonate
solution until a potassium ferrocyanide spot test shows that the

weshings no longer contain any T. The test is carried out as des-

cribed in (1) below. The filtrate and washings arc also tested for
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iron using the thiocyanate test as out lined below in (2) 'in order

to insurc that the carbonate separation has been effective.

(1) The solution to be tested should have a pH of 5-6, Add a
small quantity of 3% potassium ferrocyanide solution to the
solution to be tested. & brown color indicates the presence
of T. Copper gives & red color and iron 2 blue or green color.
It is therefore necessary that these interfering elements be
removed before testing.

(2) The solution to be tested should be slightly acid (pH5.) 4dd
a few drops 1 N. potassium thiocyanate solution to the slightly
acid solution to be tested. A red color :‘mdiéates the pres-—
ence of iron.

B. Determination of T in the Sample:

1. Transfer the filtrate and washings obtained in 10 and 11 of Part &
above quantitatively to a 500 ml. volumetric flask and make the
solution up to volume with distilled water.

2. & suitable aliquot of this solution is then analyzed for T by the
sodium peroxide Colorimetric method using the Cenco Photelometer.
(4 description of this method is given in Procedure 6.2).

3, From the quantity of T found in the aliquot, the percentage of T
présent in the original sample is calculated.

Calculaticns:

gg,T in aliguot "
aliguot volume (ml,) X 500
sample wt. (mg.)

X 100 = percent T in sample

% Volume of filtrate




6.6
~1-

VOLUMETRIC METHOD FOR THi QUANTITATIVE ANALYSIS OF nTw

Method 54 (Revised)

Apparatus
Pipets, balance, beakers, filter funnels, filter paper, watch glasses,
500 ml. Erlenmeyer flask, wash bottles, Jones reductor.

Reagents and Solutions:

Concentrated sulfuric acid, vconcentrated nitric acid, anhydrous sodium
carbonate, 2% sodium carbonate solution, concent rated ammonium hydroxide, a
dilute carbonate-free ammonia soluticn, 0.1 N potassium permanganate solution
diphenylamine sulfonic acid indicator solution, a solution which contains
1.6% ferric chloride and 30% syrupy phosphoric acid, a standard 0.02 N potas-
sium dichromate solution. '

Preparation of Sample:

Before sampling, be surc that the sample is as homogencous as possible,
In case of a solid; it may be .necessary to pulverize the sample in a mortar,
If a liquid is to be analyzed, simply shake the sample bottle and use a pipet
to remove a suitable aliquot.

Some liquid samples contain much insoluble matter or immiscible liquids.
If homogeneity can be obtained by shaking the sample into a uniform emulsion
or. suspen.sionbthe sample may be removed with a pipet. Howeve-r, if the two
phases separate too rapidly or if the solid matter contains too many large
particles weigh out the cntire contents of the sample bottle and take it
through the procedurc until a point is reached where thc sample 1s totally in

solution, Then transfer it to a volumectric flask, dilute to the mark, ;.nd

remove a suitable aliquot with a pipet, Continue the procedure on this aliquot,
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Use, cs a rule, = sample weight or vclume which contains between 0.02
snd 0.1 g« of T. However, there are cther fzactors governing sample size.
Any aliquot of a clear solution up to 200 ml. can be analyzed but no smaller
aliguot than 50 ml, should ever be taken from even the most homogeneous sus—
pension, or emulsion. As for uniform solids, any convenient weight between
0.25 and 10 g..moy be used, If there is some doubt as to the uniformity of
the sample, use a minimum of 1 g.

Procedure:

A-Liquids:

Transfer an aliquot of the liguid by pipet to a 250 ml. beaker. If
the solution is a.lkaline; neutralize with concentrated sulfuric acid. |
Then add lO ml. of concentrated sulfurie szcid, 5 ml. of concentrated
nitric ac:x.d and 5 ml, of concentr;tcd hydrochlorlc ﬂcld, cover the
beaksr w:Lth a watch glass and boil this solution down to white 803 fumes
on the hot platec, |
B-Solids:

Weigh out the sample in a 250 ml. beaker to L significant figures.
idd dilute sulfuric acid to dissolve all the readily soluble material and
znd then add 1C ml. of concentrated nitric acid, and 5 ml. of concentrated
hydrechloric acid. Cover the beaker with a watch glass and beil the sample
down to 803 fumes on the hot platc.

From this point, the procedure is the same for either the solid or
liquid samples. Cool the sample snd dilute slowly with distilled water,
stirring to minimigze splattering and to ef fect solution of the salts
which tend to crystallize out. Add small portions of anhydrous sodium

carbonate to the point wherc addition of a few crystals ceases to cause

s
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effervescence and then add about 1 g. 1in excess. Add macerated filter
~paper to the beaker and boil the suspension for about 1 minutc. Filter
the hot suspension through #42 ¥hatman filter paiper or its eciuivalez'lt
and wash the residue beaker and watch glass at least three times with
hot 2% sodium carbonate solution. Collect the filtrate and washings
in a 400 ml. beaker ond discard the residue. /
To the filtrate add 5 ml. of concentrated sulfui‘ic acid. At this
point the solution should be acid. Check this with indicator papers If
the solution is still alkaline add more acid; then; if necessary, bring
solution up to 200 ml. with distilled water. Cover beaker with a watch
glass, boil the solution for 15 minutes,-remove from the hot plate and
add concentrated ammonium hydroxide slowly and with stirring until the
yellow gelatinous precipitate NHAT207 appears. Add macerated filter
paper plus g 5 ml. excess of concentrated ammonia. Boil for 1 minute
and filter the hot suséension through #42 Watman filter paper or its
equivalent catching filtrate in a 400 ml. beaker. Wash the watch glass,
beakef, and precipitate at least 3 times with a carbonatg-—free 2% ammonia
solution. This solution is prepared by adding concentrated ammonia to
freshly boiled distilled water. Discard filtrate and washingé. Pour
100 ml. of 1:9 sulfuric acid into the beaker in which the precipitation
occurred, heat to about 60°C and pour the acid through the filter, catch-
ing the dissolved T in a 250 ml, beaker. If necessary, wash with more
warm 1:9 sulfuric acj;d. After this filtrate has been cooled to room

temperaturé , add 0,1 N potassium permanganate solution dropwise until

the first faint permanent pink coloration appears.
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At this point run ;';L blank on the Jones reductor. Add 0.1 N potassium
permanganate dropwise to 100 ml. of 1:9 sulfuric acid and run the solution
through the reductor under slight vacuum inmto a 500 ml. 2Zrlenmeyer flask.
Wash the Jones reductor with about 250 ml., of 1:9 sulfuric acid and
collect these washings in the same flask. Add 50 ml. of the ferric
chloride - phosphoric acid solution, & drops of diphenylamine sulfonic
acid indicator, and titrate with standard potassium dichromate solution
to the appearance of a faint violet cclor. This blank should run no
higher than two drops. If the blank is too high wash the reductor once
again with dilute sulfuric acid., If the blank is still too high, re-‘
charge the reductor tube. If the blank is satisfactory, pass the sample ‘
through it and wash the reductor with 250 ml, of 1:9 sulfuric acid.

Colie ct the rcduced sample and washings in a 500 ml. Erlenmeyer flask
and bubbie air through it for at least 5 mimutes to bring all the T up

to the tetravalent state. Then add 50 ml, Jf the ferric chloride -
phosphoric acid solution and 8 drops of the diphenylamine sulfonic acid
indicator. Titrate with the standard potassium dichromate solution to
the point where the color changes from pale green to the first faint per-

manent violet,

lculaticns:

4

a) Liquids:

(Hﬂ.. v:)f chr90-7.. ml! b'l_afkq?pgNOI‘ma]ity Of K2 CI‘207)(119) - g' Of T mr
ml. of sample liter

b) Solids: | : - ‘

(ml. of KyCrp0n - ml. blank)(Normality of KyCry0ny)(0.119)(100) _ g T
“icight of Sample




Do not allow the Jones reductor to run dry before, during, or after
use,
One liter of the ferric chloride - phosphoric acid solution contains

26,6 g, of FeCl, 6 Hy0 and 300 ml. of 85% Hy FO,.
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DETERMINATION OF "T® IN CAUSTIC SCRUBBER
Method 5 ASC

Sample Size and freparations

Pipet 100 ml, of the well-mixed sample into a 600 ml. beaker and dilute to
250-300 ml, with distilled water; add HCl until acid to litmus paper. Then add
2=3 g, of Na2C03. After the N32003 has dissolved add a strong solution of
Ca.Clé to complete precipitation of all fluorides as Can, plus a few ml, in
excess. Then neutralize with HC1l and add 2-3 ml. in excess, place on & hot»
plate and digest at a low heat with frequent stirring for a couple of hours
or allow the samples to digest overnight, |

If allowed to stand overnight, heat to almost boiling and while hot slowly
add concentfated stoh to complete precipitation of all excess calcium, Usu-
ally 25 ml, of the HZSOL, is sufficient to cause complete precipitation,

The samples are next cooled in a cold water bath to crystallize all salts
and to lower solubility of Can. Filter through #42 filter paper. %ash pre-
cipitate five or six times with 5% HQSOA solution,

Boil down the clear filtrate to a volume where the salts begin to drop
out of solution, cool again in a cold water bath and filter off precipitated
salts using a #1 filter paper; wash precipitate with 5% H,80, solution., Pre-
cipitate the iron as in Method 5A, After boiling cool as above and filter as

regular iron precipitate. Then follow ikethod 5A for remainder of determina-

tion.,
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DETERMINATIO. OF "I" IN OIL SAMPLES
Method 5 aOL

Application of lethod

This procedure is now used for all oil samples,

Preparation of Sample

The sample is stirred vigorously to obtain a uniform sample. “hen large
particles are evident in the sample they are broken up as thoroughly as possi-
ble by the aid of a stirring rod, |

The sample is then weighed into a pofcela.in crucible using from 5-25 grams
depending on its apparent "T" content,

The crucibles are placed on a wire gauze over a hot plate, and should be
watched carefully at the beginning to aveoid possib]:e foaming or frothing which
might cause them to spill over. :

Heat until all fuming has stopped and only heavy charred oil or carbon
residue remains. Remove from hot plate and burn off any carbon or oil present
over the flame of a Bunsen or keker burner,

The residue in the crucible is now transferred by using concentrated
Hy80;, to a 250 ml. beaker. Approximately 5 ml. HNO3 is added and the solution
heated to evolution of 803 fumes,

If necessary additiocnal HNO3 may be added in order to remove the last
remaining c.arbbn._

After cooling, the watch glass and sides of beaker are washed with dis-

tilled water and the solution is diluted to approximately 125 ml.

From here on continue with Method 5A as the iron precipitation.
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DETERMINATION OF T IN COWVERTER ShlPLES

Somple Size:

The process gas is sampled and dissolved as described in the. procedure
for taking Converter Samples and is reccived in the lzboratory as a dilute
sulfuric acid salution of ‘T. Dilute the sample to 250 ml. in a volumetric
flssk with distilled water ané choose an aliquot containing between 0,02 and
0.1 g. of T. If the sample is dilute with respect to T, it'may be necessary
tc evaporatc the sample down to 90 ml.

Take the aliquot or evaporated sample and convert it to a 100 ml. solu~-

tion which contains 10% sulfuric acid by volume.

Procedure:

Reduce, aerate and titrate as in Frocedure 54,

Colculations:

1. nmg. T = (ml. of KxCry0y = reductor blank)(K,Cr 07 normality)(119)

2. lbe 4T w (mg. T in aliguot)(273 # £°C.)(6550)
(Yol. of bulb in ml.)(press. in mm.)(ml. of aliguot)
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PREPARATION AND USE OF THE JONES REDUCTOR

Reagents and sapparatus:

1. Jones reductor column (see Figure 1)

2. Zinc, 20-30 mesh, c.p.

3, Dilute hydrochloric acid (3 N)

L. Mercuric chloride solution (25 grams per liter)
5. aAspirator

6. Filtering flasks, pyrex 500 ml.

Procedure:

A

A, Preparatlon of the Reductor:

1. Cover 800 grams of 20 to 30 mesh zinc with 3 N hydrochloric acid,
and add 400 ml. of mercuric chloride (25 grams/liter) solution

. while stirring the zinc, ﬁntil the evolution of hydrogen ceases.

2. In the bottom of the reductor tube, place a perforated disk or some
pieces of glass. On this place a wad of glass wool, and then a
little asbestos suspension. If the asbestos layer is too thick,
the reductor is likely to become clogged and 1if it is too thin,
some zinc powder may run through and interfere with' the analysis.

3, Fill the remainder of the reductoi' tube with well washed, amalgam-

ated zinc.
B. Use of the Reductor:
1. 4dd 100 ml. of 1 N sulfuric acid through the funnel (B) with the
stopcock (C) open. Use a slight suction. |
2, When most of the acid has drained through (do not let the level

of the acid solution fall beclow the top of the zinc column), add the solution
to be reduced.
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3, When the level of the solution falls to within a few cm, of the top
of the zine column add 250 ml, of 1 N sulfuric acid., Wash the sample beaker
with this acid., Add it to the reductor in small portions.
L. Pass 100 ml. of distilled water through the reductor. At no time
should air be zllowed to enter the filled portion of the reductor tubc.

5, Keep the reductor tube filled with water and covered when not in use.
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STANDARDIZATION OF CERIC AMMONIUM SULFATE AGAINST

SODIUM OXALATE
Method:
Carefully weighed sodium oxalate samples are dissolved in dilute sul-
furic acid and titrated with ceric sulfate solnt'ion using ortho phenanthroline~-

ferrdus complex as indicator. The titration is carried ocut by adding an ex=-
cess of ceric sulfate and back-titrating the excess with ferrous ammonium sul-
fate to a pink end-point.

Reagents and Apparatus:

1. Sodium oxalate (U.S. Bureau of Standard Grade) Dry the salt at
105°C for 2-3 hours before use.

2, Dilute sulfuric acid (2N).

3. Ortho phenanthroline indicator - dissolve sufficient ortho phenan-
theoline in 0.025i ferrous sulfate to make the solution 0.075 M with (@)
respect to the indicator. Warm to dissolve.

L. Ceric ammonium sulfate solution - dissolve sufficient ceric ammon-
ium sulfate in 1 M sulfuric acid to make a 0.05 N ceric solution.

The solution should stand at least two weeks before standardizing
and should be filtered before using.

5, Ferrous axmnoni‘.um suifate solﬁtion -~ dissolve sufficient ferrous
ammonium sulfate in 1 M sulfuric acid to make a 0.05 ¥ solution.

Procedure:

1. Weigh 0.1300 - 0.1400 gram portions of sodium oxalate into each of three
600 ml, beakers., |

2. To each beaker add 200 ml. of 2 N sulfuric acid and 150 ml. of distilled

water.
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Dissolve the sodium oxalate. 4dd 45-50 ml. of the ceric ammonium sulfate

to be standardized to each of the beakers.

Heat to 60°C. on a hot plate and then cool to room temperature. (Do not
titrate the solutions while warm, since the end-point given by the ortho
phenanthroline complex will be erratic.)

Add 2 drops of othro-phenanthroline corﬁplex indicator and tit_rate to a
salmon pink end-point with the ferrous ammonium sulfate solution.

Carry out a cross titration as follows:

Acidify 20-25 ml, of the ceric ammonium sulfate wolution with 200 mi, of
5 N sulfuric acid and dilute with 100 ml. of water.

Add 2 dropé of othro-phenanthroline complex indicator and titrate with
ferrous ammonium sulfate to a salmon pink end-point as before.
Calculate the cross titer: Divid the volume of ceric ahmonium sulfate

used by the volume of ferrous ammonium sulfate used.

Using the cross titer value, calculate the normality of the ceric ammon-

ium sulfate.

Calculations:

Normality of ceric sulfate = ﬁi___gg_____iei t of sodium oxalate
v @ A - B cross titer5 X Me.

A ml. of ceric ammonium sulfate used.

ml, of ferrous ammonium sulfate used in back titrating the excess

B

ceric ammonium sulfate.

millequivalent weight of sodium oxalate (0.0670) .
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OPERATION OF THE MERCURY CATHODE CELL

Method:

i sulfuric scid solution of T-sulfate, containing metal impurities such
as iron, copper, nickel and other cations which are deposited quantitatively
in & mercury cathode, is electrolyzed in a water-cooled cell using = platinum
anode. after a spot.test shows that the undesired metal has been removed
from solution, the mercury amalgam and pure reduccd T soluticn are drained
from the cell and separated simmltaneously.

Reagents and Apparatus:
1. Mercury cathode cell, water jacketed. (See figure 1).
2, Platinum anodes - platinum gauze about 4" x 5", curved to fit within
the cathode cell.
3. Distilled mercury.

Procedure:

1. Fill the cell with sufficient distilled mercury to bring its
surface to within one centimeter.of the platinum gauze anode.
About 2 to 2.5 Kg. of mercury will usually suffice.

2.. Transfer the sample (dissolved in 10 per cent sulfuric acid and
free from nitrates) carefully to the cell. Start cooling water
through the jacket.

3. "ith the sample in the apparatus, the stirrer is lowered below the
mercury surface to give a smoothly rotating cathode. "Swirling"
of the mercuryISV“face should be avoided because some solution may
-be tranped below the mercury surface.

L. FElectrolyze the sample at 3 to 3.5 amperes for one hour. (Note:

Be sure the two way stopcock is turned so that the electrical cir-

cuit ‘is complete. This is ample time for removal of amounts of ‘




2

_the amounts of impurity are excessive a longer period i

7.3

2=
impurities to the extent of 5 per cent in the original sample. Ir
S recuired.

After one hour, stop the agitator and immediately (with the current

still on) open the bottom stopcock. Drain the mercury from the

. cell slowly to prevent the solution from being sucked out with the

mercury.

Vhen the ammeter reads zero, the solution is no longer touching the

anode.

Drain the rest of the mercury by means of the two-way stopcock
leaving a drop or two in the capillary of the stopcock. Do not
allow any solution to come out with the mercury.

When the mercury has been removed, drain the sample into a separate
beaker and wash the cell with water, collecting the washings with
the sample. Filter the sample immediately to remove the drop of

mercury and other foreign matter.
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PROCEDURE F{R CPERATION OF THE LUMETRON COLORIMETER

MODEL 402 E

The following procedure describes the operation of the Lumetron Color-

imeter, Model 402 E, as applied to the determination of small amounts of T
by the sodium peroxide method.
Aoparatus:
1. Lumetron Colorimeter, Model 402 E.
2. L~420 blue filter for above.
3, Rectangular cell with a light path of 1,0 cm. and a volume of 15 ml.
Procedure:
A, Adjustment of the Galvanometer:
1, The hair line of tae galvanometer beam is set to coincide with the
zero point on the scale by means of the galvanometer adjusting knob.
B. Adjustment of Lamp Intensity:
1. Turn on the colorimeter lamp and allow the lamp filament to heat for
five mingtes. 7
2. Hold the potentiometer switch in the forward position (away from the
operatoz_‘) and observe the deflection of the galvanometer beam. The
amount of deflection observed depends upon the lamp intensity.
3, Adjust the lamp intensity by means of the lamp rheostat to give a

deflection 10 units left of the galvanometer zero point.,

C. Adjusting the Zero Point:
1. Fill the cell with distilled water for use as a blank; wipe the glass
faces carefully with Kleenex to remove asdherent moisture.

2. Place the cell in the colorimeter on the right side of the cell com~

partment (near the photoelectric cell).
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3. Set the calibrated dial to read 100; hold the potentiometer switch
back (toward the Operatoi'); and note the deflection of the galvano-
meter. If the colorimeter is properly adjusted the galvanome ter
beam will not deflect from the zero position. If., however, the gal-
vanometer beam does not remain at zsro, slowly bring the beam to
Zero position'by turning the balance cell dial. The colorimeter is
then adjusted for measuring light transmission to the T solutions,

licasuring the Transmission of T Solutions:

1, Rinse the cell three times with the solution to be tested,

2. Fill the cell to about 0.5 cm. from the top; wipe carefuliy with
(Klcenex) and place it in the colorimeter, Hold the potentiometer
switch back (toward the operator), and observe the galvanometer
deflection.

3, Turn the calibrated dial until the galvanometer index returns to the
"zero position". In this position the colorimeter is in balance.

L. Read the percent transmission directly from the calibrated dial.
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PROCEDURE FOR_OPER'TION OF CENCO PHOTELOYETER

Apparatus:
1. Cenco-Sheard-Sanford Photelometer, with transformer for 110 V. AC.

2. Complete set of -filters (see below) .
3. 1 cm. cells for above.

Procedure:

1. Place the proper filter in position in the instrument.

'Filters'availabler

Filter No. Maximum Transmission in killimicrons
A | 410
B 525
c . - 610
D | 65
‘ 2. Place the cell containing distilled water or other blank in the

central compartment of the cell holder and place it in the light

path.
3, With the "lights" switch "off", check the zero reading of the

jnstrument. If the reading is not zero, adjust it as follows:
With a piece of opaque cardboard in front of the filter, the

galvanometer pointer should be at zero. If not, turn the "adjust

for zero" screw located on the nameplate of the galvanometer until
the undeflected reading is zero.

L. Turn the "lights" switch to the "on' position, and turn the n"meter®
switch to the "on" position.

5, Set the fine adjustment knob so that the point is upward. Open

the iris diaphram until the meter deflects a;proximatelj full scale.
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Now use the fine adjustment control to obtain a readihg of exactly
17. (This reaaing ccrresponds to exactly 100 per cent transmission).
Due to fatigue of the photocell, adjustment of the reading to 100

may be necessary from time to time.

Slide the cell containing the solution to be measured into the

light path.

Read the position of the pointer on the scale. This value should

be less than 100 and represents the light transmission for the

solution being measured.
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PROCIDURE FOR OPERATION OF BECKMAN QUARTZ SPECTROPHOTOMETER

Apparatus:
1. Bockman Quartz Spectrophotometer

2. Corex cells, 1 cm. square, approximately 10 ml, capacity for above.

Procedure:

1. Turn the lamp switch to "On" position. Allow the instrument to warm up

for several minutes.

2. Set the selector switch to "Check'.

3. Fotate the wave length knob until the desired scale value is shown under

the hairline,

L+ Select the proper phototube. (The proper phototube to use is determined

by the spectral range to be investigated, The red-sensitive phototube

for use above 625 millimicrons is in position when the knob on the photo-
‘ tube housing is pushed "In®". The blue sensitive, or ultravioletﬁ-sensi—

tive, phototube for use below 625 millimicrons is in position when the

knob is pulled 'out" as far as possible.

5.« Select the proper filter. (The filter slide is located between the exit
slit and the cell compartment and is operated by means of the knob on
the front end. The front position, Knob pushed "in", is blank and is

used for measurems nts in the range 400 to 1000 millimicrons, (also with

hydrogen tube.) The second position contains a red-purple filter and

is used in the range 400 to 320 millimicrons, with the tungsten lamp.

The third position is blank and fitted with a special filter for unusual

applications.)

6. Turn the shutter switch to "Off" position.

fotate the dark-current knob to zero the meter needle. Hepeat occasionally.
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g8, Make sure that the cells, previously cleaned and checked, and the holder
| are seated properly; then replace the compartment cover and place the
sample solvent or "blank" in the light path.
9. Turn Vthe shutter switch to the "On" position.

10. Rotate the slit knob to approximately zero the needle.

11. Rotate the sensitivity knob to accurately zero the needle. (For best
performance it is suggested that the sensitivity knob to be used 1 to ‘3
turns from its clockwise limit., If it is desired to employ the narrow
slit openings, the sensitivity knob may be used near its counteg -clock
limit. At this position the accuracy to which the percent transmission
slide wire can be set is only 10% as co..pared with the higher sensiti-
vity obtained with the knob at the clockwise limit.)

12, By means of the slider knob position the unknown sample in the light beam. ‘

13, Set the selector switch to 1.0

14, Rotate the transmission knob to "zero" the needle.

15. Record the transmission or density reading . (Set the selector switch
to 0.1 if the transmission is less than 10%. The valwes obtained with
this setting are 1/10 those obtained with the switch at 1.0 as in (13).)

16. Place the noxt unknown sample in the light path and "zero' the needle

by rotating the transmission knob.
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OPERATION OF INFRA-RED SPECTRONETER

I. Spectrometer Unit

- An electrically hezted Globar (silicon carbide rod) is the source of

rd

infra-red radiation. The radiation is focussed by mirrors in the left-

hand chamber onto a slit at the entrance to the right hand chamber.

Absorntion cells, in proper holders, are held by a slot in front of this

slit. The radiation then is passed through a prism, and the desired wave-

length isolated and focussed on a thermocouple.

The current from the thermocouple is in proportion to the energy of
the incident radietion of the wavelength being measured, and is amplified
by eifher the optical or the electronic amplification system.

The wavelength is controlled bv the right hand diai‘(C), which is

. graduated in arbitrary units. The . c2libration 'of this dial varies with
roor temperature and for precision work is redetermined at each point each
time the machine is used. The approximate relation is given by the cali-

bration curve.

The intensity of radiation is controlled by the width of the slit open=~
ing, which is set by the micrometer screw (B). This slit width should be
kept as narrow as possible for exploration of spectra, but this is not &s

importent in routine work.

1I. Optical Amplifier

The current from the thermocouple passes to a sensitive galvanometer,
enclosed in a cabinet to minimize varintions in illumination. The gal-
vanometer reflccts a light beam on to a photocell  the position of the

beam being dependent on the deflection of the galvanometer. In oper=tion,
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o change in the voltege from the thcrmocquple produces é proportional
change in the area of the photo-cell illuminated, and a consegquent pro-
portional change in the currcnt output from the photo-cell. This current
paéses throﬁgh n. potentiometer (dial marked A on the control panel),

where the desired amplification is set, and from there to a second gal-
vanometer. The second galvanometer reflccts a light beam to an illuminated

scale, where the deflcction is actually read.

III. FElectronic smplifier

In the electronic amplifier, 2 few microvolis, (direct current), from
the thermocouple are immressed across o breaker, similsr to a distributor,

and are there thus synchronously converted to alternating current. This

resulting A.C. voltage is amplified between 100,000 and 10,000,000 times
in an amplifier of conventional design, and is then rectified By a second
brenker synchronized with the first. 4 filtor choke network installed
inside the recording potentiometer smooths out irregularities in .the re-
sulting direct potential, which is then recorded by the potentiometer.

A1l the controls for the electronic amplifier are on the front panel
of the emplifier unit itself., The degree of amplification is conprolled
by the-"Gain" di~l. The "Balance Coarse", and "Balance Fine! adjustments
control the position of the zero trace on the recording potentiometer.

The "Test Microvolts® dial injects o known voltage at the input, for test-
ing amplification. The amplifier is connucted to a scparate power supply.

Both must be sunplied with repulated 117 volt alternating current .
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IV. Control Panel

Degree of amplification and the positions of light spots are set by

the control panel. Dial 1 is an ¢leven-point switch; which, by meons of

small impressed voltages, regulates the position of the light spot on the

photocell, Dials 2 and L both set the position of the light spot on the

i1luminated scale, in a similar manner. Dial 3 (also marked‘A) controls

the amplificantion of the opticel amplifier.
Connections to the control panel are through plugs from the other units,

markcd to match sockets behind the panel. For routine operation, using the

opﬁical amplifier, turn both switches on ths control padél upward, For

operation with the electronic amplifier, turn both switches downward. These

switches automntically conneet the proper units. For operation of the

recording potontiometer off the opticsl amplifier, turn both switches up

and replace plug No. 4, from the second galvanometer, with the plug from

the potentiomster., For this type of operation, the extra filter unit in-

stalled by the Perkin~Elmer Corporation in the lower left corner of the

potentiometef is discomnected at the potentiometer terminals marked -T

and C£. Commect the line from the control panel at these terminals, the

green wire to C# and the yellow wire to ~T

V. Batteries

The automobile headlight used in the optical amplifier unit, inclosed

in the cabinet, is supplied with 6 volts direct currant from either of two

storage batteries, numbered 1 and 2. A double pole, double throw switch N
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between the spectrometer and the i~ frome draws current for the light
from batteryl or battery 2, as marked by the switch. 'hen not using
the light, turn the switch to its central position, which is the Nof £t
position, |

The Satteries are charged by a battery charger on the table behihd
the oper~tor. The battery to be churged is selected by a switch P. One
battery should be charging’at all times. Never draw current from a2 battery
attached to the charger or other batteries.

When starting up the spectrometur, notc, by the setting of switch P,

which battory is being charged. Connect the gther battery to the light
by switch N, VWhen shutting down, set the switch N to the neutral position,
and flip switech P over, to charge the battery which has just been used.

It is, of course, nccessary to add distilled water to the batteries

from time to time.

VI. Routine Operation Using Optical Amplifier

1. Open water valve (D) one-sixth turn.

2., DMake sure thet water is flowing out the drain before connecting
the electric lines. If the water is turned on too far, the
rubber tubing may break and perhaps seriously demage the salt
windows or other parts of the spectrometer.

3, The elecctric plugs are marked by the following coded

F: scalc illuminecting lamp

G: battery charger and gas analyzer
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H: Brown potentiometer
K: Motor drive for spectrometer
L: Variac to Globar
M: Electronic amplifier
Plug G is not directly concerned with the operation of the spectro-

meter, and is kept connected at all times. Plug L, the power source for

the Globar, is always connected when setting the apparatus in oper~tion.
For routine operations, connect plug F also.

L. Set the variac to give 250-300 watts. The number of watts is the
product of volts times amperes as read on the meters. The proper
setting is usually near 50-70 volts and 6-!l, amperes.

. 5., Switch on the contﬁol panel.

6. Throw switch N to connect the battery which has not been chargingy
as indicated at switch P.

7. Open the door of the cabinet.

8. With the spectrometer shutter closed, and the slit set at approxi-
mately the setting to be used, adjust the position of the light
spots on the photoelectric cell by means of switch 1 on the control
panel until the light spots cover abo;.lt 1/16 inch at the right

hand edge of each of the sensitive (dark) areas of the photocell.




9.
10.

12.

13.

15 o-

16.

17.

18,

7.7
b

Set the wavelength dizl C at the approximate setting to be used.
Open the shutter.

The light spots on the photocell will swing to the left. If they
swing so far thot the right hand edges of the sensitive areas are
left dark, it will be necessary to cut down on the slit width (B).
Close the cabinet.

If the wavelength dial will not turn, it is because the clutch,
connecting the motor drive to the specfrometer, is connected. To
disengage the clutch, pull the sleeve W forward, toward the
spectrometer.

By means of dial 2 or 4, set the light spot in the graduated-scale
8" near the zero point (at the left end of the scale).

Adjust the amplificntion dial to give the desired deflection,

In about 15 to»20 minutes from the time it is first switched on,
the spectrometc s ready for use.

From time to timc, open the cabinet to check the position of the
light sgots with the shutter both open and closed, and adjust
switch 1 as necessary. More often, it will be necessary to read-
just the zero position of the light spot on the illuminated scale.
This m~y best be accomplished by turning knob T below the
i1luminated scalc. When this does not give adequate correction,
adjust dials 2 and 4. )

To shut down the spectrometer, pull out plugs L and F, leaving

G, of course, in.
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Tarn off the water valve D,

Thrn off the switches on the control panel»

’Set the. double-pole, double-throw switch N at its center position.

Flip the battery charglng snitch P over to charge the battery
which has been used. '

Adjust, if necessary, the variac supplying voltage to the charger,

x,

to keep the charging rate 1ow enoughn

S




el ..

az_oxoumm ?

.cupm:oEow._m

i gd ”

4\4

(O3




1IN

e 7

g zupuzoxpo .




i TS




1VIG HLON3T JAVM
404 3AINQ HOLOW

nold.

WY LIV




b

7.8

OFERATION OF THE HELLIGE TURBIDIMETER

The Hellige turbidimeter is used to determine the turbidity, expressed

as parts per million of Si0,, of the filtered (or sanitary) water both before

and after filtering, and in the water rinse tanks used in the cleaning area,

The operation of the Hellige instrument is very simple if the following pro-

cedure is followed:

1,

2.

3

Ly

5

Snap the switch on the left hand side of the instrument case to the
"ON" position, |
Rinsc the clear glass cup with the water to be tested and £ill to the
mark etched on the side of the cup,

Insert the ground gla.s‘s (constant level) cup; ard placc the ensemble
in the space provided on t.h'e plati‘ofm within the ihstrument.

By means of the dial knob on fhc? right hand side of the. instrument
case and by observing thi'ough the Veyepiece, adj.'ust' the small inner
circle in the field until it has the same appearance as the large
circular field that encloses it.,

When the adjustment has been completed, r‘eac_l the number on the dial
opposite the white line on the case. Record this number on the re-
port sheet., |

When making the final r;'aport., the calibration curve for the instru-
ment should be used to convert the scale reading (recorded as noted

above) to parts per million 5105,
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7.9

OPERATION OF ‘THE EECKMAN INDUSTRIAL pH METER

The Beekman Industrial pH meter is used in this laboratory for the de-

' termination of pH of water samples and in one acid determination, The oper-

ation of the meter is very simple if the directions given here are carefully

followed,

(1)

(2)

Adjustment of the Meter. o
With the rubber cap removed from the end of the calemel electrode, mount
the electrodes in their holder so that the calomel electrode projects
slightly lower than the glass electrode, Be sure they cannot touch the
bottom of the beaker when the holder is lowered againstits stop, Re-

move stopper from calomel electrode during use.

With control knob in the "OFF" position, the meter should read exactly

7 pH, Adjust, if necessary by turning the screw below the meter scale.

With push hatton in lower right hand corner in up position, tum switch
to "ON" and leave in this position a few seconds,

Turn switch to 7-l4 range and adjusvt meter to 7 pH using Amplifier
Control Knob in lower left hand corner, Turn switch to O-7 range énd'
adjust to 7 pH with STD knob, Check the amplifier adjustment occasion-
ally during use, 1

Immerse electrodes in a buffer solution of known pH, Place switch on
proper range, press button, and adjust meter to buffer pH by means of AP
knob, The meter is now ready for use in pH determinations,

Use of the meter,
To determine pH of test solution, clean electrodes, immerse in test

solution and select a pH range by means of the control knob (either 0-7

or 7-14). Press button. The meter will indicate the pH automatically,
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If the necedle goes off scale, turn switch to other range, If a contin-
'uous indication is desired, as in titration, lock the push button down.
Release occasionally to check amplifier adjustment,

Instructions for use and operation of the L & N pH meter are given on °

the inside cover of the case for that instrument.
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DET"RMINATION OF ALUMNINUIY IN C-616

Method:
Aluminum, in ammonium buffcred solution, reacts with aluminca to form
a red lake whose intensity ig measured colorimetrically. Beryllium, chrom-

ium and iron form lakes that interfere.

Reagents and Apparatus:

1. Beckman spectrophotometer or other suitable colorimeter.
2. pH meter.
3. Aluminon solution - Dissolve 2.0 grams of aurin-tricarboxylic acid

in a minimum ouantity of ammonium hydroxide. Dilute with water to

1 liter.
L. Acetone, c.p.
5, Acetone solution, 20 ‘per cent.

6. (lacial acetic acid.

7. Hydrochloric acid, concentrated.

8. Ammonium acetate.

9. Ammonium carbonate.

10. Aﬁmonium.hydroxide, concentrated.

Procedure:

1. Add 5 ml. of concentrated hydrochloric acid and 5 ml. of glacial
acetic acid to 20 to 25 ml. of sample solution of known T content.
(The sample is prepared by hydrolyzing C-616 as in Procedure 2.3.)
(Determination of T in C-616 Assay Samples, Part A. A portion of
the diluted T-sulfate solution obtained in Step 8, Part A of the
latter procedure is taken ;5 a sample for thi; determination.)

2. Add 1.5 grams of ammonium acetate. Stir until salt’ dissolves.
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3. 4dd 20 ml, of c.p. acetone and 5 ml. of 0.2 per cent aluminon
solution. Stir.

4. Add solid ammonium carbonate until‘the pH of the solution is be-
tween L4 and 5. Allow to stand 15 minutes to obtain full color
development . | )

5. Neutralize with ammonium hydroxide to pH = 7.00 and dilute to 100 mi.
in a volumetric flask with 20 per cent acetone solupion.

6. Prevare a "blank" by adding the reagents to an aluminum-free T
solution as in Steps 1 to 5 above. (See Note (3)).

7. Determine the transmission of the sample at 450 millimicrons with
the spectrophotometer against the "blank" prepared in Step 6 above.

8. .Calculate the aluminum content of the sample by means of a calibra-
tion curve previously obtained with samples of T solution containing
known amounts of aluminum. (See note ('3)).

Calculations:
Mg. T in sample x %%%'Z mg. C-616 in sample
Notoe:

1. All ecquipment except the spectrophotometer cells should be-cleaned
with chromic acid solution and thoroughly rinsed with distilled
water,

2. The volumetric flasks should be rinsed with acetone. This appears
to prevent precipitation of the complex.

3, The concentration of T in the solutions compared should be of the

same order. However, this has not been found to be critical over

a2 wide range.
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DETERMINATION OF BORON IN C-616

The boron is separated from the other elements bv distillation as methyl
borate, (CH3O)3 B. The ester is distilled into an alkaline solution in
which it is hydrolyzed. The hydrolyzed distillate is evaporated. An.
alcoholic solution of curcumin together with a mixture qf oxalic and hydro-
chloric acids is added. The red color formed with curcumin and boron is
developed and measured colorimetrically.

(Reprodﬁcibility is very good provided extreme caution is taken to
prevent contemination and duplicate runs are made as nearly allike as possible.
Volumes, weight, time factors etc. mentioned in the ensuing procedure are not
all critical. Some of them are. The others will serve as practical limits
and should be followed closely. It is essentizl that the same lots of re-

agents be used both in establishing the calibration curve and in the actual

determinations..)

Reagents and Apparatus:

1. Oxalic-hydrochloric acid mixture - Prepare as follows:
20 rilliliters distilled water
20 milliliters c.p. ethanol
5 rilliliters concentrated hydrochloric acid
L grams oxalic acid
2. Curcumin extract - Dissolve 0.10 grams of crystalline curcumin
in 100 1., of c.p. ethanol.
3. Yethanol, c.p.

L. Sodium carbon solution - (0.2N).

5. Ammonium hydroxide, c.p., boron-free.
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6. Concentrated sulfuric acid.

7. Platinum evaporating dishes, approximately 150 ml. capacity.

8., Platinum trap with adanter to fit a "Hoke" sample tube.

9.. Water bath, regulated to 55° C. £.2° C.

10. Distillation and reflux apparatus.made of boron - free glass.
11. Beckman spectrophotometer.
Procedure:

A, Sampling Procedure: (references are to Figure 1)

1. The sample (C-616 is contained in a "Hoke" tube (4). (Glass
sampling tubes should not be used as they may contain boron.) Fit
the "Hoke! tube with an adapter (E) and cornnect to a platinum
trap (B), the lower part of which is immersed in liquid nitrogen (c).

2. Comnect thé exit side of the trap to an aspirator and evacuate the
system to a pressure of 20 inches of mercury.

3.. Open the valve on the "Hoke" tube and digtill the C-616 for ten
minutes, It may be necessary to heat the Hoke tube gently, starting
near the rubber connection (F) on the copper tube working down to
the bottom of the Hoke tube.

L. Hydrolyze the C-616 in the trap by adding water and wash the contents
from the trap into a blatinum dish. This solution should con;ain
500-800 Qg. of TOoF5.

B. Distillation Procedure: (See Figure'B for Apparatus)

1. Add 0.5 ml. concentrated sulfuric acid to the C-616 sample in the

platinum dish. Evaporate on a steam bath until TOsth crystallizes

freely.
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Dilute to approximately 25 ml. Take a small aliquot; (1 mi. usually)
and acnalyze colorimetrically for T.

Pipette an aliquot containing 150 to 200 mg. T into the reaction
flask (H). Add boron-free ammonium hydroxide until the first
permanent precipitate forms. Dissolve the precipitate by adding
concentrated sulfuric acid déopwise; then add two drops more.

Pour 5 ml. of 0.2 N sodium carbonate into the soft glass receiving
bottle (K) but do not stopper tightly. (The sodium carbonate solution
is stored in lucite ware.) '

Add 25-30 ml. of c.p. methanol to the solution in the reaction flask;
and attach reflux condenser (D’ immediately. Reflux vigorously for
an hour.

At the end of the refluxing périod, stopper the receiving bottle
tightly and adjust the aspirator to give a pressure of 20 inches

of mercury. Remove the reflux unit (Figure 2). Wash it immediately
with methanol, and replace it with the boron free glass tube (1)
drawn to a capillary. Readjust the aspirator so as to give from 2-4
bubbles per second through the T solution in the distiiling flask.

Distill 200 ml. into the receiving bottle by keeping the water bath
at 93-98° C. (incipient boiling). Add 10-15 ml. of methanol

periodically. Do not let the volume in the reaction flask (H)

fall below 15 ml.

Fvaporate the distillate to dryness on a steam path to avoid spatter-
ing. Use a 150 ml. porcelain evapeorating dish. (The analysis may

be safely interrupted and the samples may be stored at this point.)
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Procedure for Development of the Boron - Curcumin Color:

1.

Dissolve the evaporated distillate in 2 ml. of the oxalic~hydrochloric
acid mixture, rotating the dish to bring the residue into solution
complectely.

4dd 3 ml. of 0.10 per cent curcumin extract.

Float th=: evaporating dish on the surface of constant temperature
water bath (55° C. fLZO C.) for exactly one hour to develop the

color. |

Txtract the red boron complex with c.p. ethanol and filter through

a No. 41 "hatman filter paper into a 25 mi. volumetric flask. Dilute

“to volume with c.p. ethanol.

Measure the transmission of this solution with a Beckman Spectro-
photometer using a 1 cm. cell and a wavelength of SAO millimicrons.
Fthanol is used as the 100 per cent transmission standard.

Determine the amount of boron from a calibration curve obtained by
developing the boron-curcumin color with known guantities of boron.
(Use a boric acid solution containing one microgram of boron per ml.
for determining the calibration curve points. Evaporate the aliquots

to dryness with 5 ml. of 0.2 N sodium carbonate.  Proceed to develop

the red boron color as in Steps 1 to 5 above. )

€heck the purity of the reagents by a blank determination carrying
it through the distillation procedure and the color development
procedure as given above.

Subtract the average blank value from the value obtained for the

sample in Step 6 above.
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Cnlculations:

1., M¥e. T in sample X %%%‘; mg. C-616 in sample.

2. }z, boron in sample = nt boron in C-616
Ye. C-616 in sample x 100 = por c¢

3

Note: A typical calibration curve for boron curcumin complex is given.
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8.3
‘ DETFRMIN'TION OF MOLYBDRNUM IN C-616

Part A - Colorimetric

Vethod:

The thiocyanate complex of molybdenum is formed, extracted from inter-
fering ions with normal butyl acetate and measured colorimetrically on a

Beckman spectroohotometer at a wavelength of 470 millimicrons.

Reagents and Anparatus:

1. Sodium neroxide solution, 5 per cent - dissolve 25 grams of c.p.
sodium peroxide (Parr) in 300-400 ml, of water. Filter tﬁrough
a glass frit. Dilute to 500 ml. Do not use after seven days.

2. Normz:l butyl acetate.

3. ‘rmmonium thiocyanate solution - dissolve 20 grams of ammonium

. thiocyanate in 100 ml. of distilled water.

4. Stannous chloride solution - dissolve 350 grams of stannous
chloride in 1:1 hydrochloric acid and add a few pieces of tin
or avproximately 15 ml. of oil to orevent oxidation bv the air
which results in the solution becoming cloudy.

5. Beckman spectrophotometer.

Procedure: |

A, Sampling

In Figure I, (A) is an !'D or Harshaw type container for c-616. (B)
(C) and (D) are 500 ml., Zrlenmeyer flas:s. Flasks (C) and (D) contain
approximately 150-175 ml. of water.

1. Close all valves in the avparatus. Connect the sample bomb (4)

to the sampling train.
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2. Evacuate the system by means of an aspirator.

3. Heat the copper tube between (A) and (B) to 700—800 C.

L. Heat the valve and neck of the cylinder (A) to approximately
-50° C. in order to vaporize any C-616 which may have solidified
there. |

5, Open the valve on cylinder (A) carefully. (If the lines are
unblocked and the pressure in the system is correct the flask
(B) will be filled with C-616 fog).

6. Close the valve at (A) after 10-15 seconds, and open and close
valve (R) rapidly in order to purge trapped C-616 from the copper
tube between (A) and (B). If necessary shake flask (B) to wash

its walls,

7. Repeat Stens 5 and 6 approximately 5 times until =n appropriate
quantity (2 to 5 gram of T) of c-616 is dissolved in the flask
(B).

8. “hen an adeouate s mple has been obtained and before opeﬁing the
valve at B, open the valve at (D)., Water from flask (c) will
flow into (B) and rinse the line fram (B) to (C). To stop flow
open the vnlve ot (B). Do not allow the volume of solutiﬁn in
flask (B) to exceed 150 ml.

‘ MOTE: The heating of the line between (4) and (B) must be main-

tained. If the flow of C-616 docs not proceed evenly when the line is
unblocked, heat the valve and lines leading from cylinde:z 1) with

caution,
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Add 60 ml. of water and warr to dissolve. The TOZSOA dissolves

Filter the solution through a ™hatman No, 42 filter paper. Silica

Determine the T concentration of the diluted solution colorimetri-

Take an aliquot (containing two grams of T) of the solution pre-
Pour the aliquot into a 100 mi. graduatecd evlinder. Dilute with
distilled water to the 70 ml, mark on the cylinder (Note: If the

aliguot is larger than 70 mi. first evapor~te the sample to the

Cool the reagents to be used in ice water, i.e. the solutions of

-3~

B. Preparation of Samplc:

1. Transfor the sample solution to a plotinum dish. (It muy be
necessary to evaporate some of the water to accommodate all of
the solution if the dish is small.)

2. “dd 10 ml. of concentrated sulfuric acid and evaporate until
copious fumes of 803 are produced.

3.
slowly.

L.
is removed in this step.

5. OCollect the filtrete in a 100 ml. volumetric flask.

6. Dilute the filtrate t& volume with water.

7.
cally by the Sodium Poroxide ksthod (Sce Procedure 6.2).

C. FExtraction of the lolybdenum Compicx:

1.
pared above.

2.
proper concentration range).

3.
ammonium.thioéyanate, stammous chloride, =nd n-butyl acetate.

Le

Cool the 70 ml. sample from (2) for five minutes in ice water

and transfer it to a 500 ml, separatory funnel.
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9.

10.

12,
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Add 2 ml. of 20 per cent ammonium thiocynnate (cold) and shuke
two or three times.

"ad 5 ml. of stannous chloride (35 per cent) and shake two or
three times.

‘dd 25 nl. of n-butyl acetate and shake 60 to &0 times with vigor.
“hen the layers are separated (2-5-minutes), drain and discard the
aqueous layer.

‘ad 59 ml. of cold 10 per cent sulfuric acid, 2 ml. of 20 per cent
ammonium thiocyanate and 2 ml. of 35 per cent stannous chloride
solution and shake 60-80 times vigorously. (Note: Cool these
solutions in ice water as before) .

¥hen the layers are separated, dréin and discard the water layer.

Iron, which interferes with the determin~tion is removed in the

aqueous layer. »

Filter the n-butyl acetate layer through dry number 41 Whatman
filter paper into a clean¥® dry 30 ml. glass'stoppered bottle.
Determine the tronsmission with = Beckmon spectrophotometer at
479 millimicrons, using molybdenum-free T sulfate as standard
and determine the amount of molybdenum present from a calibr-tion

curve detcrmined similarly.

'3 ’
R

-~
- .4

#The funnel and bottles must be cleaned with 1:1 hydrochloric acid and
distilled water, then alcohol and finally dried in the oven. Extreme
care must be t-ken to keep these free from iron,

-




Calcul-tions:

]‘Ticro;zrams of Mo found P P
- P.p.m. !0 in sample
Semple weight in groms»#~ P P

Popom- Of I‘;O X 2018 : p-pomo LfoFé

One p.p.m. of MoFg = 0.0001 per cent MoF
6 6

**Sample weight of 2 grams is used.
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A SPECTROCRAPHIC }TTHOD FOR THE DETERMIN'TION

OF MOLYBDENU}M IN 616

Method

The 616 is transferred under vacuum to a pyrex glass tube cooled in
liquid nitrogen, hydrolyzed with water, and evaporated to dryness in a
platinum evaporating dish. A weighed portion of the dry material (TOoF)
is converted t§ the sulfate, dissolved in water and made to a definite
volume, covper added and a sulfide preci@itation of molybdenum in copper
made in a solution 0.3 normal with respect to sulfuric acid. The sul-
fides are separatéd from the solution, washed with 0.3 normal sulfuric
acid with the aid of a centrifuge, dried overnight in a drying oven,
transferred to graphite electrodes, and heated, first, gently to remove
the excess sulfuric acid, then more strongly to convert the sulfides to
oxides. The material is finally burned in a D. C. arc, the spectra
photogiraphed, and the molybdenum determined by comparison of the sample
spectrum with spectra from standard samples having known amounts of
molybdenum in them.

Reagents_and Anparatus

1. TO3 dissolved in sulfuric acid, 1.625 grams of TO3 dissolved in
10 ml. of sulfuric acid and diluted to 200 ml. 10 ml. of this
solution is equivalent to 0,100 gram of TFé.

2e CuSOh.SHZO dissolved in water. 3.928 grams of copper sulfate
dissolved in one liter of water. This solution contains 1 mg.
of copper per ml.

3. Molybdenum metal powder dissolved in sulfuric acid (conc.) and

diluted until its concentration is 1 microgram of Mo per ml.
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4., Three normal sulfuric acid solution.
5. 0.3 normal sulfuric acid solution.
MOTE: Reagents should be molybdenum free.
4., Standards used for 5 to 20 p.p.m. of Yo in TFg.
A. 0.100 gram of TFy plus 10 mg. of copper (Blank)
B. 0.100 gram of TFg plus 10 mg. of copper plus 0.5 micrograms of lo
C. 0.100 gram of TFg plus 10 mg. of copper plus 1.0 micrograms of Mo
D. 0.100 gram of TF6 plus 10 mg. of copper plus 1.5 micrograms of ko
E. 0.100 gram of TFg plus 10 mg. of copper plus 2.0 micrograms of io
7. Standards used for 1 to 10 p.p.m. of Mo in TFg.
~ F.. 0,100 gram of TFg pluc 10 mg. of copper (Blank)

G. 0.100 gram of TFg plus 10 mg. of copper plus 0.2 microgram of Mo

H, 0.100 gram of TFg plus 10 mg. of copper plus C.k microgram of Mo
I. 0.100 gram of TFg plus 10 mg. of copper plus 1.0 microgram of ¥o
J. 0,100 gram of TFg plus 10 mg. of copper plus 2.0 microgram of Mo
4, A Bausch and Lomb Spectrograph, large Littrow modél with quartz
optics.
9. Applied Research Iabératories rectified arc source.
10. . Applied Research Laboratories Comparator.
11. ‘»nlied Research Laboratorics Plate Developer.
12. Infra-red plate drier, built in this laboratory.
13. FElectrode heater, built in this laboratory.
1. Centrifugc, built by International Fquipment Co., Boston, YMass.
15, Applied Research Laboratories Electrode Cutter, (biodified at this

Laboratory).
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16. Platinum evaporating dishes, and platinum crucibles.
17. Pencil sharpener for pointing 1/8 inch graphite e¢lectrodes.
18. Snectrum analysis plates No. 1 (supplied by Fastran Company) .
19. 1/8.and 1/L inch special graphite spectroscopic electrodes.
20. Tank hydrogen sulfide.
21. D-19 developer (suoplied by Eastman Company).
22. F-5 fixer (supplied by Fastmen Company).
23. Folybdenum metal powder (supplied by 4.D. MacKay of New York).
2. T02(N03)2.6H20 for making TOB' Mallinckrodt Chemical Co.
Procedure
1. Prepare graphite electrodes in advance. Cut 1/4 inch graphite
rod into 3/4 inch sections. Make a 1/16 inch depression in one
end with a 3/16 inch drill;'and a 1/8 inch tapered hole in the
other end. Cut the 1/8 inch graphite rod into 1-1/4 inch lengths,
and point'one end of each piece with a pencil sharpener.
2, To determine Mo in the range of 5 to 20 p.p.m. use 0,100 gram of
TFé; The eéuivalont of this weight in TOpFs is 0.0875 grams.
3., To determine Mo in the rangé of 1 to 10 p.p.m. use 0.200 gram of
TF¢. The equivalent of this weight in TOF, is 0.1750 grams.
L. To determine Mo in the range of 0.1 to 1 p.p.m. use 2,000 grams of
.TFé; The equivalent of this weight in TOZF, is 1,750.gram.
5. ™eigh the required amount of sample and put it in a small platinum
| evaporating-dish.
6. Treat the sample with 2 ml, of concentrated sulfuric acid.
7. Evaporate off the excess acid. (Treatment. removes fluorine from

sample)o




10.

11.

12 L

13.

15.

16.

17.

180

19.

20,
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Dissolve sample in 17 ml. of water and transfer it to a 150 ml.

beaker.

Add 10 ml. of copper sulfate solution (equivalent to 10 mg. of
copper) ..

Neutralize the solution with ammonium hydroxide.

Vake solution 0.3 normal using 3 normal sulfuric acid.

Yeat the solution and precipitate the sulfides by passing H28

through it for 15 minutes (hood).

Transfer the samplc to 100 ml. pear shaped centrifuge tubes using

0.3 normal sulfuric acid to assist in the transfer;

Bring centrifuge tubes to constant weight (several are done at

one time).

Sevarate the sulfides from the solution with a centrifuge, and

wash the precipitates four times with’O.B normal sulfuric acid.
Set the centrifuge tﬁbes in a horizontal position in the drying

oven overnight.

Transfer the dried sulfides of copper and molybdenum to shallow
crater electrodes using a small spatula for the job.

Put the eclectrodes containing the samples in an electrode heater

and heat at a low temperature until HpSO; is driven off.

Heat electrode more strongly until sulfides are converted to.oxides.

The heating is always keot below a red heat.

Fxpose the samples under the conditions outlined below.
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Exposure of Sample

l'

N
.

3—1 -

]2.

13.
RYAR
15.
16.
17.
18.

19.

20.

Use 1/8 inch upper graphite clectrode.

Use 1/L inch lower graphite electrode which contains the sample.
The lower electrode is the anode.

Distance between electrodes in 5/32 inch.

Distance from slit to sample is 42.5 cm.

Distance from slit to auxiliary lens is 32.0 cm.

The arc image is focused‘on the slit.

The burn is made with a 10 ampere D. C. arc.

The slit width is 30 microns.

The slit length is 1 mm.

The smallest aperture is used in front of the collimating lens.
There is no preburn, the exposure begins with the striking of
the arc.

Plate - Tastman Spectrum Analysis Plate No. 1.

Development - The plate is developed 5 minutes.in D-19 at 20° C.
Short stop - The plate.is put in the shortstop for 30 seconds.
Fixing - The plate is put in the fix F-5 for 5 minutes at 20° C.
“ashing - The plate is washed one to two minutes.

Drying - The plate is dried for 1 mimute on an infra-red heated
drier. |

Split the plate in two ecual sections. The samplgs are on one
section and the standards are on the other section.of the plate.

Compare the samples with the standards on the comparator.
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CLEANING PROCEDURES

I. CIENINC URING S:PLE BOTTLES

“o If bottle is drys

1. Cleen vell with cluaning solution. (YEAR RUBBRR GLOVES "'HEN
MATMC NTECNTHC SOLUTTON) .

2. idinse with wrr tom weter to remove cleaning éolution.

3, Boil for 10 minutes with 10 per cent nitric acid.

L. Hins. with t~p w~tor three times.

5. Dins. with ¢istilled woter four tires.

4. Drv in sterr eabinet ~fter droining.excess water.

B, I7 hottl. is webs

4

1. iins. with worm too water then follow same procedure as for
dry bottl:s,

¢, Botti. Cops

1. Boil coos in 5-10 per cent sodium carbonate for 3-4 minutes.

II. DTR2O0CEDURE FOR CL ANING !I'ETAL CYLINDERS

1. To .nch cylinder add 400 ml. of trisodium phOSphaté.
2. Fil1 with hot wnter ond insert o stear line to the bottom.
3, Rinsc out trisodiur phosphate and steam for ~t least one hour.
L. Add 10 per cent HCL ~nd ~1low to stand for 20 minutes.

5. Rinse ~nd ndd n mixture cont-ining 6 per cent HNO3 and 6 per
cent HQSOA for five minutes.

6. Hinsc ~nd ¢x~mine to determine if clean. If clean, dry in

stom enbinet.
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. MICRO DETTRFINATION OF T IN URINF AND IN AIR SAMPLES

BY FLUORESENCE

Hexafalent T salts, in a2 matrix of fused anhydrous sodium carbonate and sodium
fluoride give a characteristic yellow-green fluoresence under ultra violet
light. The intensity of fluoresence is proportional to the concentration of

T in the matrix. The intensity of fluoresence is estimated visually by com-
parison with a series of standards.

Reagents and Apparatus:

1. Anhydrous sodium carbonate, analytical grade, T free.
2. Sodium fluoride, analytical grade, T free.
3. TOp acetate standard solution, 1 mg. T per liter.
- 4. Glacial acetic acid.
‘ 5. Hydrochloric acid solution. One part acid in five parts distilled
water by volure.
6. Twenty rl. platinum crucibles, low form,
7. One platinum cover (to fit twenty mi. crucible) for every six
crucibles in use.
8. Five ml. porcelain crucibleé, low form.
9. Hanovia Chemical and }Mfg. Co. Ultra Violet light source, ecuipped with
Hanovia bulb F~H4 and visible light filter.
10. Muffle furnace.
11. Hot plate with asbestos pad.
Procedure: -

A, Preparation of fusion mixture: (200 gram quantity)

‘ 1. Clean a mortar and pestle thoroughly with chromic acid cleaning solution,

followed by copious washing with tap and distilled water. Oven dry.
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Weigh out 20.0 gms. sodiur fluoride and 180.0 gms. anhydrous sodium

Grind the above thoroughly in the mortar. Make certain corpplete

mixing is obtained. Caution: Avoid breathing the sodium fluoride
Transfer the mixture to a ciean glass stoppered bottle. Seal with

Prevaration of Standsrds: (0.000, 0.025, 0.05, 0.15, 0.2, 0.3, 0.4,

0.6, 0.8, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, and 6.0 micrograms T).
Dissolve 9.1 mg. TOo acetate (dihydrate) in 20 ml. glacial acetic

acid and dilute to one liter. (This is a stable solution containing

Dilute two ml. of 50.0 mg. T/liter solution to 100 ml. (This 1 mg.

T/1liter solution. must be prenared irmediately before use.)
Mleasure the required volume of 1 mg. T/liter solution into clean

platinum crucibles. Use a 5 ml. micro burette for this measurement.

Fuse in muffle furnace at 800° C. for two minutes and fortyseconds

and pour a pellet. (See Part E). Note: New standard should be

Pipette volume of liguid containing not more than four micrograms of

-2
2.

carbonate.
2,

dust.
L.

wax if not to be used immediately.
R.‘
1.

50.0 mg. T/liter).
2.
L. FEvaporate the solution to dryness on a hot plate.
5. Add 1.20 gms. of fusion mixture.
6.

prepared weekly.
C. Standard Practice on air samples:
1.

T into platinum crucible.
2. Lvaporate to dryness on hot plate.
3.

When dry, add 1.20 gms. of fusion mixture.
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L. Fuse in muffle furnace at 80° C. for two minutes and forty seconds
and pour in a pellet. (See Part E.j

5. Compare the pellet with the standards. Comparison is made in a dark
room under ultra violet light.

6. Report micrograms T per ml. solution analyzed.

D. Standard practice on urine samples:

1. Pipette two ml. ufine sample into platinum crucibie.

2. Fvaporate to dryness on hot plate.

3. Ash in muffle furnace at 800° C. for two minutes and forty seconds.

L. Add 1.20 grams of fusion mix.

5. Fuse in mgffle furnace at 800° C. for two minutes and forty seconds
and pour a pellet,

6. Compare the pellet with the standards. Comparison is made in a
dark room under ultra violet light.

7. Report micrograms T per ml. urine sample.

E. Pouring the pellet:

l.- Place a clean platinum crucible cover in position not more than one

| foot from the furnace door. ‘

2. Hemove the crucible from the furnace and immedistely pour the molten
contents onto the clzan cover. A pellet approximately 1/L inch in
diameter should be obtained.

F. Comparison of the sample peilet with the standards:

1. Place the standard pellets, round. side up, in increasing order of T
content, in 5 ml. porcelain crucibles glued to a 12" x 3" board.

2.

Place the sample pellet, round side up, in a similar crucible.
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With fhe sample and standards any convenient distance from the light
source, move the sample along the series of standards until an
approximate intensity match is found.

Move the sample and standards further away from the light source
until the fluoresence of the sample is extinguished, and select the
highest standard extinguished at this distance. This standard pellet
contains the same amount of T as the sample. Note: The pellet will
not fluoresce when hot, hence allow about 10 minutes between pouring
the pellet and attempting a comparison.

Cleaning the vlatinum crucibles:

Place crucibles in a beaker and cover with 1:5 hydrochloric acid.
Place beaker on hot plate and let acid boil gently for at least
five minutes.

Remove crucibles and wash copiously with tap water fpllowed by dis=

tilled water.

Test each crucible by pouring a "blank" pellet before reusing.
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SAMPLING FOR "T" COMPOUNDS TN THE ATMOSPHERE

Method:

Particles or gases containing T are collected in distilled water by means
of a hand operated ¥SA Midget Impinger Pump and collection flask. The iinetic
energy - of the varticles is momentarilv reduced as they impinge on the bottom
of the sampling flask. “etting of the particle‘is thus enhanced and efficient
collection results. The flask is designed so that by maintaining 12 inches
of water vacuum in the pump, one cubic foot of air passes through the flask
every ten minutes.

Reagents and Apparatus:

1. Chromic acid cleaning solution.

2. Distilled water.

3, M,s.A. Midget Impinger.

L. Tmpinger flask, 30 ml. with nozzle (see Figure 1).
Procedure:

A, Cleaning the flask

1. Cleésn flask and nozzle with chromic acid cleaning solution.
2. Rinse thoroughly with tap water four times.

3, Rinse thoroughly with distilled water four times.

B. Charging the flask:

1, Add distilled water £o flask up to the 10 mi. mark.

2. Stopper flask by placing rubber cover first on the nozzle and then

on the flask.

3. The bottom of the nozzle should be level with the lowest graduation

on the outside of the flask.
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Collecting the sample:

Remove the stopper on the flask and then the stopper on the nozzle.
Connect the rubber tube from impinger to the arm on the impinger
flask.
Turn the crank on the impinger at a sufficient rate to maintain 12
inches of water vacuum measured bv the gauge on the pump and at the
same time probe the area to be sampled with the sampling flask.

§g§gi At this rate of flow, one cubic foot of air will be sampled
every ten minutes or approximately one fiftieth cubic meter of air
will be sampled in seven minutes. Usually a 7 minute sample is taken.
The crark may be turned in either direction.  The rate of cranking is
not critical over a large range. The most suitable rate may be deter-

mined after a few turns.
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SAMPLING AND DETERMINATION OF MERCURY VAPOR

IN THE ATMOSPHWRE

Method:

An atmosphere to be sémpled for mercury vapor is drawn through an iodine-
potassium iodide solution in a kidget Impinger flask. The analysis of the
mercury collected in the iodine solution is made according to the colorimetric
method of Polejaeff, modified slightly to meet K-25 requirements. This method
is based upon the formation of increasingly intense colored precipitates

resulting from the precipitation of mercury iodide on a white cuprous iodide

mabtrix.

Reagents and Apparatus:

1. Iodine solution, 0.05: per cent - Dissolve O.5 gram iodine and 6.0
grars potassium iodide in distilled water and dilute to a liter.
2. Copper sulfate solution, 10 per cent - Dissolve 15.6 grams cupric

sulfate (five water of crystallization) in distilled water and dilute

to 170 ml,
3. Sodium sulfate solution, 1 V.
L. Stock.mercury standard solution (0.0712 milligrams of mercury per ml.) -

Dissolve 0.,0963 grams mercuric chloride in distilled water and

dilute to a liter.

5. Working mercury standard solution - 1 ml. ecuivalent to 0.5 milli-
grams mercury per cubic meter air. Dilute 1 ml. of stock mercury to
10 ml, with distilled waier.

6. ¥.S.i. Midget Impinger.

7. L.S.A. Midget Impinger flask, 30 ml., and nozzle
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Procedure:

A. Collection: (See Procedure 9.3).

1. Charge a 30 ml, midget impinger flask with 10 ml. of the 0.05 per
cent iodine solution.
2. Draw air to be sampled through the solution. Under normal conditions

a one cubic foot air sample is taken at a rate of O.1 cubic foot per

minute.

B., Analysis:

1. Set up a series of seven standard tubes as follows:

" Standard Series of Mercury Tubes

Test Tube Dilute Mercury Distilled "ater Equivalent Villigrams Mercury/
. No. _Standard - ml ml, cu, meter (5 ml. alioquot used)

1 0,00 1.00 - 0,00

2 - 0.10 0.90 0,05

3 - 0.20 0.80 0.10

L 0.40 0.60 _ 0.20

5 0.60 0.40 0.30

6 0.80 0.20 0.40

7 1.00 0.00 0.50

2. Add 5.0 mi. of 0.05 per cent iodine solution to each of the above

tubes.

3. Transfer a 5.0 rl.* aliquot sample from the collection flask to

another test tube and add 1.0 ml. of distilled water.

e

If an aliquot of less than 5.0 rl. is used, the volume should be brought
up to 5.0 ml. with 0.05 per cent iodine solution. Then add 1.0 mi. of
distilled water and proceed with stens No. 4, 5, and 6.

\
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Le Add Oy ml. 1 ¥ sodium sulfite to both the unknown and the standard
tubes. WMix by shaking vigorously,
5., Add 0.2 ml, 10 psr cent copper sulfate to both the unknown and the
‘standard tubes. Shale vigorously until the last trace of green
color has disanpeared.
6. Compare the unknown tube with the standard tubes. Report to the
nearest match. Note: The precipitate should be kept thorcughly
dispersed.during the’comparison,

Czalculations:

The standard tubes are s2 graduated that, when 1 cubic foot of air is
sampléd end a 5.0 ml. aliquot of the iodine is used, the milligrams of
mercury per cubic meter is read directly from the standard tube:matched.

If other than the above conditions are used, the concentration of

mercury may be calculated from the following equations

% X % x % =~ milligrams mercury per'cubic mcter
"here:
A = volume of air sampled in cubic feet.

B} B = aligquot of iodine solution analyzed, in ml.
R = eaquivalent milligrams mercury per cubic meter, as read

from standard tube matched,
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DETFRMINATION NF FLUORIDES IN URINE

Yethod:
A urine sample is évaporated and ashed in a nickel crucible. The ash

:.» transferred to a steam distillation apparatus (see Figure 1) and the

“luorine is distilled as hydrogen fluoride. The fluorine in the distillate

‘2 determined using an adaptation of the standard thorium~alizarin sulfohate

~itration m~thod,

Zzagents and Aoparatus:

1. Calcium oxide, analytical grade, low fluoride content.
2. Silver sulfate, analytical grade, low fluoride content..
3, Sulfuric acid solution - 50 per cent acid by volume is distilled water.\
L. Sulfuric acid solution - 1 part acid in 1600 parts distilled water by
voiume.
5. Silver nitrate solution - approximately 0.1 M.
6. Bariﬁm chloride solution - approximately 0.1 .
7. Barium chloride solution - approximately 0.0l ¥ in approximately 0.001 N
hydrochloric acid.,
8. Phenolphthalein indicator, 1 p:r cent in 50:50 ethanol and distilled
| water.
9. Sodium hydroxide solution, Q.01 N,
10. Sodium alizarin sulfonate solution, 0.01 per cent in distilled water.
11. Hydrochloric acid solution - 0.04 N,
12. Thorium nitrate solution -~ 0.001 N.

13, Standard sodium fluoride solution - 10 micrograms fluoride per mi.

solution.

14. DMNickel crucibles,75 ml. low form, with covers.
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15. Hot plate with asbestos pad.
16. Muffle furnace.
17. Steam distillation apparatus. (See figure 1).
18, 1Micro-Bunsen and lMeker burners.
19. 100 ml. Nessler tubes and illuminated tube rack.
20, Avtomatic micro burettes, 10 ml.

racedure: |

A. Evaporation and Ashing:

1. "ash the nickel crucible with warm 1:5 hydrochloric acid, and rinse
wall with tap water followed by distilled water.

2. Place 0.700 gm. calcium oxide in bottom of crucibie.

3. Pipette 50 ml. urine into crucible in such a manner as to disperse
the calcium oxide throughout.

L. ZEvaporate to éomplete dryness on hot plate covered with asbestos
pad. This should take about four hours.

5. Ash in mufflc furnace for forty-five minutes to one hour at 700° C.

6. Remove, cool, and scrape down sides and break up depdsit to fine
powder. Return to muffle furnace until unifgrm light gray ash is
ébtained.

B. Distillation:

1. Place 3.90 gm. silver sulfate in clsan distillation flask.

2. Transfer the urine ash to the distillation flask, washing the
crucible residue into the flask with two amproximately ten ml.
portions of distilled water.

3. Swirl contents of flask occasionally for five minutes.
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l,. “ash crucible with another ten ml. portion of distilled water cnd two

ml. of 50 per cent sulfuric acid solution. Add this wash to the flask
and immediately insert the still head and connect the condenser.

5. Add twenty mi. of 50 per cent sulfuric acid solution through the
steam inlet tube and wash acid down with a few ml. of distilled water.
Close off the steam inlet tube.

4. Heat the distillation flask with a micro Bunsen burner. Heat the
steam generator with a Mieker burner. "hen the contents of the flask
reach 130o C. connect in the steam_generétor. Holdtthe flask tempera-
turne at 1300 C. and distill at the rate of about one drop per second.

7. Collect 250 ml. of distillate. |

_ . Note: Immediately after use, secvarate the still head from the flask
and the condenser, otherwisé the glass joints;may freeze. Wasﬁ all
three parts copiously with tap water followed by distilled water.

8., Test five ml. portions of the distillate with five drops of approxi-
mately O.1 ki barium chloride solution and with five drops of
approximately O.1 K silver nitrate. If either test gives a precipi-
tate the distillate must be rejected.

C. Titration: |
Note: Seversl of the cations and anions present in the final

solution titrated are known to influence thé thorium alizarin lake. These
interfercnces are presént in balanced quantities, however, and accurate
fluoride determinstion under these conditions has been verified experimentally.

1. Pipette 50 ml. of distillate ‘nto a 100 ml. Nessler tube. This tube

‘ is referred to 2s the ‘'unknown®,
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Note: This alicuot will give satisfactory results for most urines.
Tf high concentrations of fluoride are encountered, correspondingly
smaller alicuots should be used so as to use between 2.0 and 4.0 ml.
of standard sodium fluoride in the final step of the titraticn.
Pipette 50 ml. distilled water into 3 matching Nessler tube. This
tube is referred to as the "blank".
Pipettc 2 ml. of avproximately 0.01 M barium chloride sclution into
both the "unknown" and "blank" tubes.
Titrate the "unknown" tube with 1/1600 sulfuric acid solution (drop
by drop) until the first faint barium sulfate precipitate is observed.
Titrate the "blank" tube with l/léOO sulfuric acid solution (drop
by drop at same rate as in step No. 1) until the first faint barium
sulfate precipitate is observed.
Add one drop of phenolphthalein indicator solution to both the
"unknown" and "blank" tubes.
Very carefully titrate the "unknown!" tube to a very faint pink color
with 0.01 N sodium hydroxide.
Very carefully titrate the "plank" tube to a matched faint pink
color with 0.01 N sodium hydroxide.

Note: During steps No. 4, 5, 7,‘and 8, particular care must be
taken to avoid churning carbon dioxide from the air into the tubes.
Add 2 ml, of 0,01 per cent.sodium alizarin sulfonate solution and

L ml. of 0.04 N hydrochloric acid to both the "unknown" and "blank"

tubes.
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10. Titrate the "unknown" tube with 0.001L N thorium nitrate until a
faint but definite pink color is obtained. Record the amount of
thorium nitrate used and add the same amount to the "biank" tube.

11. Carefully titrate the "blénk" tube with standard sodium fluoride
(10 micrograms fluoride per ml.) until it exactly mgtches the color

of the "unknown" tube. Record the amount of sodium fluoride used.

Calculation:

In order to calculate the final result, the "reagent blank" must be known.

This is obtained by making several complete determinations as described above,

‘except that 50 ml. of distilled water is run in place of the 50 ml. urine

sample.

(U-R) x %%0- x % pd ;%_O_Q ~ mg. fluoride per liter urine

"heret factor i%%ﬁ con#erts ml. sodium fluoride used to mg. fluoride
A is ml, distillate collected.
B is ml. alicuot of distillate titrated.
C is ml. urine sample taken for analysis.
U is ml. sodium fluoride soiution to titrate urine sample.

R is ml. sodium fluoride solution to titrate "reagent blank" run.
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DETERMINATION OF FLUORIDES
IN URINE
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‘ T _COLLFCTION AND DRTERMINTION OF FLUNRINE AND "ATER

SOLUBLE. FIINRIDES IN THE ATMOSPHERE

Vethod:

An air sample is collected in an evacuated bulb containing a dilute sodium
hydroxide solution. The fluoride is dissolved from the gas by means of the
2lkline solution, which in turr is titrated using an adaptation of the standard
thorium-alizarin sulfonate methol for fluorides.

Beagents and Aoperstus:

1. Sodium hydroxide solution - 0.1 N,

2. Sodium hydroxide solution, 0.01 N.

3. Sodium ulizarin sulfonate solution (alizarin red S, certified) 0.01
per cent in distilled water.

L. Hydrochloric acid solution, 0.04 N.

. 5. Thorivm nitrate solution, €.0NL N,

6. Stancard sodium fluoride solution, 10 micrograms fluoride ion per ml.
solution.

7. Collection bulb, (see Figure 1).

8. .Vessler tubes, 100 ml.

Precedure:

A. Prevaration of the collcetion bulb:

1. Rinse the bulb and stopper contazining the stopcock four times by
filling with tap water and shaking vigorously. Repeat using four

rinses of distilled water.

2. Pour 250 ml. of distilled water ond 5 ml. of 0.1 N sodium hydroxide
intc the bulb.,

. 3. Tightly stopper the bulb and evacuste through the stopcock for 5

minutes with a high vacuum oil pump. Use a cold tran between the bulb
and the oump.
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Collection of the sample:

N

AWV}
.

“ithdraw the stopper from the bulb and hold it well away from the
mouth of the bulb for several seconds.

Replace the stopper and immediately shake vigorously a few times.
Vake certain the stopper is tight and the stopcock closed.

Shake 300 times by moving ths bulb up and down energetically tﬁrough
5 vertical distance of nine inches. If done sufficiently energetically
this should require anproximately two minutes.

If the sample is not to be titrated izmediatelﬁ, transfer the sample
from the bulb to a suitable clean glass-stoppered bottle and clearly
label.

Thoroughly rinsc the bulb immediately with tap water and distilled

water as described above and return it to its storage container.

Analysis of the sample:

Pipette a.100 ml. alicuot of the sample into a clean 100 miL. Nessler
tube. This tube is referred to as the '"sample".
To a second Nessler tube, add 2 ml. of 0.1 N sodium hydroxide and

distilled water up to the 170 milliliter mark. This tube is referred

to as the "blank",

" Add 2 rl. of 0,01 per cent sodium alizarin sulfonate to both the

sample and the blank,

Add 6.0 ml. of 0.04 N hydrochloric acid to both.the sample and the

blank.
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5. Back titrate both the sample and the blank with 0.0l N sodium
hydroxide to matched, very light pink, ond point of alizarin. (The
alizarin merely acts as a pH indicator in this step.)

6. Add L ml. of 0.04 N hydrochloric acid to both the sample and the
blank. ‘

7. Titrate the sample with 0.001 N thorium nitrate to a faint, but definite,
pink color. Record this volume and add the same volume of thorium
nitrate to the blank.

8. Back titrate the blank with standard sodium fluoride to match the pink
color of the sample.

Yhen the two tubes appear almost matched, add the standard sodium
fluoride to the blank in 0.01 ml. portions. Make a temporary recording
‘ ' of each portion used. The actual end point is the matched .color which
can be unmatched by the addition of another 0.0l ml. portion of standard
sodium fluoride.
Note: In matching the pink colors, some difference between the back-
ground shades of the sample and blank may be noted. Thus the matched

pink colors may be of slightly different shades, but should match in
intensity.

Calculztion:

» ,T » - L3
%—; x A xB x% X lE"x 1,000,000 = p.p.m. flucride, by volume, in air.

Yhere

mole volume in liters corrected to existing conditions.

M

w

gram molecular weight of fluoride.
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A T volume in ml. of sodium fluoride used to titrate blank.

o
i

fluoride equivalent of standard sodium fluoride solution

ml. dilute sodium hydroxide solution in the collection bulb.

(@}
il

[ws)
11

volume in ml. of alicuot titrated.

E = volume of collection bulb in liters.
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DETERMIN® TION OF TRICHLOROETHYLFNE TN THE ATMOSPHFEE

BY USF OF THE IMPRRIAL HALIDE CAS LEAK DFTTCTOR

'ethod:
Flame colors produced by the Irperial Halide Leak Detector give a

semi-quantitative evaluation of the concentration of trichloroethylene

in the atmosphere. The flame color is due to volatile copper halides.

Reagents and Apparatus:

1. Imperial Halide Cas Leak Detector.
2. Small Prest-O-Lite cylinder.

Procedure:

A. Lighting the burner:

1. Open the tank valve about one-third to one~half turn.

2. Crack open the shﬁt-off valve on the torch handle.

3. Light the burner through the side opening of the flame shield.

L. Adjust the flame so that the tip of the inner cone is level with
the copper reaction plate.

Note: Much of the difficulty encountered‘in lighting the

burner, may be prevented bv closing off the rubber probe tube
during the lighting and initial adjustments.

B. Deiermining the trichloroethylene concentrationt

1. Allow the detector to burn until the copper reaction plate is
clean. A characteristic "hot" blue flame should be obtained.

2. Probe the area to be tested with the rubber tube attached to
the air mixer assembly.

3. Determine the concent;étiqn»qf trichloroethylene in the air by

comparing the flame color with the following table:

-
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Trichloroethylene in the Atmosphere

P.p.m. by volume Inside Cone Outside Cone Tip of flame
Less then 75 "Hot" blue "Hot" blue "Hot" blue
100- 200 "Hot" blue "Hot" blue Creen
3n0- 500 Green éreen - Aquamarine
600~ 800 Agquamarine Aquamarine Aquamarine
900~-1000 Aquamarine Aguamarine Purple

1500 Aquamarine Purple Orange
2000 & over Aguamarine Purple Oranée

(Smoke produced)
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SAFETY SAMPLE FCR C-216 '

AGd a few drops starch solution to test tube one half full of KI solution.
Attach apparatus to sample line. Furnace pressure must be 16 1lbs, or more
before admitting sample. Froceed with analysis by slowly hubbling gas through
KI solution in test tube. If solution remains colorless ng C-216 is present. .
If no C-216 is detected record da.ta;, and inform operator on special yellow
safety sample form that it is safe to remove converter, If C-216 is present,
record data and inform operator with written report of presence of C-216.

He will have to purge with G-7L4L. Retest.
Note: »

Negative reports for safcty samples are to be made upon yellow safety

samplc report foms only. o ‘

Positive reports for safety samples are to be made on regular white

slips. Virite word "Positive" in space opposite "Percemt C=216",
Reconditioned Furnace:

Run analysis according to regular procedure and in addition complete

on each analysis the C-216, O, and HF. Do not report O, and HF data to area.

Re—expcsures

Run analysis as per schedule except do not compléte analysis for HF

or 020
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C-616 SAFETY SAMPLING ON STAND AND UNITS

"hen sampling for C-5616 on a unit, have pressure at 13# psia. Attach
rubber tube-to malc sampling joint. If no sampling joint is connected, use
the copper tube that the male joint is usually attached to. Attach sali-
cyclic acid tube to end of rubber tube and open C-18 valve. (Note: If
sufficient pressure is not attainable connect vacuum line to one end of,the
salicylic acid tube and pull gas through). If the salicylic acid crystals
turn brown immediately, C-616 is présént and unit must be évacuated. Then
rcpeat the preceding steps. (Note: After several consecutive positive
samoles take steps to have unit he:ted and evacuated). If salicylic acid
crystals remein whitc the sample is negative.

In case a sample is wanted at different points on the furnace, such as
on connéction where C-616 samoling buggy is attahced, remove connection to
buger and comnect salicylic acid tube to line. Ir pressure is not sufficiently

high here, use a vacuum pump to pull sample through tube.
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SAFETY SAMPLE FOR C-616 ON STOKES FUMP

Pressure in unit should be 18# psia. When 18# psia is reached, have

St oke

&3]

pump shut off and discharge valve closed.A Insert‘rubber stopper
having short length of 3/8?' copper tubing through it into refilling cap in
Stokes pump case., Connect rubber tube with salicylic acid tube attaéhed to
3/8" copper tubing and pull sample through with a vacuum pump. (Note: The
temperature of the Scokes pump is 140°F and the oil temperature is 100°F,

This is sufficient to rumove C-616 when purged with G-74.

-  E3MiccALdnY | - ®
“ UNCLASSIFIED

oy e ——




